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AND ITS ATTENDANT METEOROLOGICAL PHENOMENA. 
Bt FREDERICK J. BRODIE, F.R.Met.Soo. 



[Reeeiyed October 16th.-^Read Noyember 15th, 1898.] 

The drought which prevailed over England and the neighbooring parts of 
the Continent daring the spring and early summer of 1898 was so excep* 
tionaly both as regards severity and dnration, that little apology is needed 
for submitting the main facts of the case to the notice of the Society on this, 
the earliest available, opportunity. The drought itself was followed, after a 
long showery interval in July, by another spell of fine weather in August and 
September, so that one was at first tempted to extend the limits of the present 
iuquiry up to Michaelmas. On reflection, however, it seemed quite evi- 
dent that a wide distinction must be drawn between a drought and a mere 
deficiency of rain ; and as the former characteristic ended with the close of 
June it was decided to confine this investigation to the weather of the four 
months commencing with March. July was decidedly unsettled, especially in 
the extreme south of England, where the rainfiEUl was in many places oon- 
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8id6ralil3f'*4iL/ex*oess of the average, and notwithstanding all the 'sabseqaent 

fii^e we^d^ there was nothing worthy of the name of a drought either in 

, • Angast or September. 

,•/.,••/•• the varioas elements which go to make up what we call ** the weather ** 

• '*:**. * * are so intimately connected, that it is impossible for one feature to distinguish 

/*. ••** itself in any abnormal manner without the others being also affected to a 

greater or less extent. The truth of this was abundantly shown during the 

period under discussion ; for if the absence of rain was phenomenal, the 

conditions shown by the barometer, the thermometer, and the sunshine 

recorder were in many ways no less remarkable. Barometric pressure was, 

as one would naturally expect, greatly in excess of the average ; temperature 

was also high, with a large amount of diurnal range ; and the duration of 

sunshine was in many places the longest on record. 

Babometbic Pressubb. 

In endeavouring to trace the origin of the drought one can scarcely fail to be 
impressed with a sense of the inadequacy of our knowledge respecting the causes 
which lead even to the greater and more widespread of our climatic variations. 
We may say, as we do in the present case, that the general character of the 
weather is governed by the pressure distribution, but here we must stop. 
Any attempt to go further and to discover what it is that leads to the forma- 
tion of the cyclones and the anticyclones lands us at once in a debatable region 
from which the mists of theory have not yet rolled away. For the present it 
is sufficient to state that the great drought of 1898 was due, so far as can be 
seen, to the almost constant prevalence of large anticyclonic systems. During 
the four months under discussion no fewer than eight such areas were ob- 
served over a large portion of the United Kingdom, their aggregate duration 
extending over 77 days out of the 122 comprised within the four months' 
record. In addition to these cases there were several other instances in which 
the southern portions of the Kingdom only were influenced by anticyclones which 
spread over from the Continent. At times the distribution of pressure over 
our Islands became cyclonic, the depressions advancing in most cases from 
the northward, but even when this change occurred the tendency for fine dry 
weather was so pronounced that the showers experienced were very local, and 
in some places exceedingly slight. On one or two occasions the presence of 
a definite depression over our southern counties was altogether unattended 
by rain, or indeed by any unsettled appearance of the sky. The leading 
characteristics of the several anticyclones are shown in the following notes, 
together with a few facts respecting the intervals of cyclonic weather which 
occurred between each high pressure system. 

No. I. March 5-10. An anticyclone of moderate size spread over our iKlands 
from the westward on March 5th. The central portion of the system remnincd 
off our south-west coasts until the 10th, when the entire area moved away in a 
Fouth-easterly direction to the Mediterranean. During its prevalence the wind 
over our Islands varied between West and North-west ; temperature was high 
generally, but the nights cold ; the weather was very dry in all but our extreme 
northern and north-western districts. 
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Mabch 11-16. Some depressions hitherto observed in the far north 
now spread over as. Westerly and South -westerly winds therefore set in 
generally, with lower temperatures and with showers in all districts. 
Snow or sleet was fairly general on the 16th and 17th. 

No. II. March 18-29. This system advanced over our Islands from the 
Atlantic on March 18th, and was at first of moderate size, but graduaUy extended 
in all directions until it finally embraced nearly the whole of Europe. The 
central area lay at first directly over the United Kingdom, whence it moved 
eastwards to the Netherlands and north-eastwards to Scandinavia, the latter 
country being reached on the 24th. Between the 27th and 29th the systena 
moved southwards to central Europe, where it partially dispersed. The winds 
over the United Kingdom were at first very variable, then Easterly ; temperature 
was high in the daytime, but very low at night ; the weather was fine and dry 
generally. 

Mabch 30- April 1. Shallow depressions in the far north spread 
southwards, and Westerly and South-westerlv winds again set in, with 
showers in all but our eastern and southern aistricts, where the weather 
remained exceedingly dry. 

No. III. April 1-14. On April 1st two anticyclonic areas appeared, — one 
over Russia and the other off our south-west coasts. The systems afterwards 
increased in size until they formed one large anticyclone, which spread over the 
whole of Europe by April 5th. After the 9th depressions began to advance over 
the north of Scandinavia from the westward, and the anticyclone, which had already 
underjeone several modifications in form, moved slowly southwards. By the 15tli 
its innuence had practically disappeared from north-western Europe. The winds 
over our Islands, which were at first variable, finally became Easterly. Tempera- 
ture exhibited great fluctuations, but was mostly above the average, sharp night 
frosts being experienced, however, in all the inland districts. The weather was 
fine and bright excepting in the extreme north, and even there the rainfall was 
below the normal. 

April 15-16. Shallow depressions appeared first in the north and 
afterwards in the west, and showers fell in all the more western and 
northern parts of the Kingdom. 

No. IV. April 17-28. An anticyclone formed over the North Sea on April 
17th, and gradually spread over a considerable portion of the Continent. After 
the 24th depressions appeared over France ana Spain, and the southern portion 
of the high pressure system gave way. The weather over our Islands remained, 
however, under its infiuence until the 28th, when the anticyclone apparently 
moved away to the Atlantic. During its prevalence the winds, though rather 
variable, were mostly from some Easterly quarter. Temperature was very high, 
•specially on the 19tn and 20th, when the tiiermometer rose to above 80° in many 
parts of England. The weather was very fine over England and Ireland, but 
gradually became unsettled in Scotland. 

April 29-May 2. A depression first sprearl south-eastwards from our 
northern coasts across the North Sea, and North-westerly winds with 
showery weather set in generally. On May 2nd another disturbance 
passed northwards along the Irish and Scotch coasts. Decided falls 
of rain were experienced in the western and northern parts of the United 
Kingdom, but in the south-eastern districts the rainfall was slight and 
very local. 

No. V. May 3-13. On May 3rd the barometer rose generally, and a large 
anticyclone was quickly formed over the whole of Europe, its central area being 
located for the most part over the northern countiies. After the 10th the 
system became reduced in size, owing to the appearance of depressions in the 
far northern and also in the southern portions of Europe. On the 14th the 
remaining portion of the anticyclone, which had by this time settled down 
over the more central countries, gradually dispersed. During its prevalence 
the winds in our Islands were mostly Easterly ; temperature was high, though 
less so than it had been with anticyclone No. IV. ; and the weather was fine 
luid dr^ in all but the extreme northern and north-western districts. 
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A rather long period of unsettled weather now ensued, during which a 
series of depressions travelled northward along our western coasts, their 
secondaries in many instances advancing directly over the United 
Kingdom. Southeriy (Sooth -east to South-west) winds prevailed generally, 
temperature remained high with warmer nights than had been experienced 
for a long time past ; and riunfisll, thou«i varying greatly in different 
localities, was fairly abundant in all but uie eastern and southern parts of 
the Kingdom. 

No. YI. Mat 25- June 1. The sixth anticyclone advanced from the Atlantic 
on May 25th, and soon spread eastwards over the entire Kingdom, lasting 
till June Ist. The central portion remained for the most part off our western 
coasts, and the prevailing winds were, therefore, North-westerly or Northerly. 
Temperature fell generally, but did not sink much below the normal ; the weather 
was rather showery, with thunderstorms in many places. 

On June 2nd and 3rd a depression passed alon^ our western coasts 
occasioning further showers in most parts of the Kingdom. In the east 
and south of England, however, the rainfall was slight and very local. 

No. yil. June 4-12. This system spread over our Islands from the south- 
ward on June 4th, and gradually increased in size until it covered the greater 
part of Europe. After the 10th, however, its area became greatly diminished, 
and between the 12th and 15th it almost entirely dispersed over Scandinavia. 
The winds, although rather variable in the north of our Islands, were mostly 
from the Eastward ; temperature was high, and, with the exception of one or two 
local falls of rain of considerable amount (due to thunderstorms), the weather 
was again fine and dry. 

On the 13th and 14th a complex area of low pressure spread over us 
from the southward, but with the exception of a few local thunderstorms 
the weather was not materially affected. 

No. Viri. June 15-19. A general rise of the barometer took place on June 
15th and 16th, and a large anticyclone was soon developed over our Islands and 
the greater part of the Continent. After the 17th, however, when depressions 
spread over northern and eastern Europe from the northward, the system became 
reduced in size and gradually passed away over the Atlantic. During its 
prevalence in our neighbourhood light variable winds were general ; temperature 
was exceedingly high, maxima varying between 85° and 90° being registered in 
many parts of Great Britain. The weather was very fine until the 19th, when 
smart thunderstorms occurred in the south and south-east of England. 

The remainder of June was unsettled and showery, with a temperature 
differing but little from the normal. On the 22nd and 23rd a well marked 
depression advanced in a south-south-easterly direction over the northern 
and eastern parts of Great Britain and occasioned cool Northerly and 
North-westeriy winds in all districts, while from the 26th to 29th the 
weather was influenced by some rather large disturbances which travelled 
across the more northern parts of our Islands from the Atlantic. Quite 
at the close of the month another large anticyclone was again developed 
over western Europe and remained under observation during the early 
days of July. 

One of the most important features in connection with the anticyclones 
whose career we have briefly sketched was the remarkable manner in which 
they developed from areas of moderate size into hnge systems which fre- 
quently embraced the whole of Europe. The source whence the feeding 
power. was derived suggests questions of the highest interest, for it is 
quite certain that if the causes which lead to the formation and movements 
of anticyclones were clearly nnderstood, we should have a very important 
key to the whole chain of events governing our weather changes. The effect 
of so much anticydonio weather on the instrumental records is shown in Table 
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I.y which gives for 80 stations, situated in various parts of the British Islands, 
the mean barometric pressure for each of the four months, and also for the 
period as a whole, with its difference from the average for the 20 years 1871-90' 
The values are compiled from observations made at 8 a.m. only, but exper* 
ience shows that the mean pressure at that hour differs very slightly from 
that derived from 24 hourly readings. It will be seen that there was in each 
month an excess of pressure in all parts of the Kingdom. 

TABLE I.— Mean Baroustbical Pbbssubb it 8 i.m., Mabch to JunEi 1893. 



Stations. 



SCOTLAKD, N. 

Snmborgh Head .... 

Wick 

Stomoway 

SooTLAin), E. 

Nairn 

Aberdeen 

Leith 

England, N.E. 

Shields 

York 

Spam Head 

England, E. 

Tarmoath 

Cambridge 

Midland Oountibs. 

LoDghboroogh 

Oxford 

England, S. 

London 

North Foreland .... 

Dongeness 

Horst Castle 

Scotland, W. 
Ardrossan 

England, N.W. 

Liverpool 

Holyhead 

England, S.W. 

Pembroke 

Prawle Point 

Ibbland, N. 

Ifalin Head 

Donaghadee 

Belmnllet 

LUBLAND, S. 

Parsonstown 

Valencia 

Boohe's Point 

Ceannbl Islands. 

Soffly 

Jersey 



March. 



9 






Ins. 

29776 
29845 
29*869 

29*898 
29-937 
29-984 

30*015 
30*066 
30*050 

30*089 
30*136 

30*119 
30149 

30*148 
30*127 
30*1 3 1 

30*001 

30*093 
30*080 

30*121 
30*152 

29-971 
30*053 
30*032 

30*075 
30*106 
30*109 

30*124 
30*174 



In. 

+ 

*025 
*052 

'09I 
*o88 

*II2 
•131 

*i35 
•158 

•154 

'169 
-195 

-187 
-198 

•198 
•197 
•193 
•205 

•136 

*l82 

•173 

*I92 

-187 

*io6 
•171 

•>5^ 



April. 









•150 
•181 
'I82 

•177 
•213 



Ins. 

30*083 
30*111 
30*109 

30-128 
30*174 
30*179 

30'*95 
30*207 

30*187 

30*180 
30*200 

30*207 
30*186 

30*179 

30*153 

30-135 
30*148 

30-160 

30*187 
30*161 

30-148 
30*128 

30*143 
30*182 
30*166 

30*167 
30*153 
30*164 

30*096 
30*107 



In. 

+ 

•H3 
•263 

•285 

*28o 
*3x6 
•316 

•329 
•332 
•324 

*3o8 
•320 

•328 
•302 

•30X 
*283 

*27l 

*277 
.303 

-320 
•304 

*296 
'252 

.303 

•3»3 
•33> 

.303 

299 

•3»3 

*240 

•235 



May. 



3 ^ 



ISP 



Ins. 

30*014 
30*010 
29*972 

30*001 
30*045 
30*036 

30*057 
30*074 
30*059 

30-063 
30*082 

30*081 
30*079 

30-079 
30059 

30*054 
30*071 

30*030 

30*065 
30*049 

30*047 
30*065 

29*998 
30*050 
30*011 

30*029 
30*022 
30-038 

30-025 
30*072 



Jane. 



Q> 00 






In. 

+ 

•X35 

-109 

*o86 

-093 
•127 

*io4 
X14 

*II2 
•103 

•096 
•106 

*io8 
*098 

•098 
*o89 
*o84 
•089 

•095 

*I04 
•093 

*o86 
•073 

•073 
•103 

•086 

•071 
-059 

•079 

•051 
•083 



Ins. 

29*942 
29*972 
29*952 

29*960 
29*980 
29972 

29*983 

30*007 
29-987 

30*003 
30*019 

30*023 
30*021 

30-028 
29-997 
29-999 
30*023 

29*972 

30-002 
29-999 

30*016 
30*019 

29*981 
29*998 
30*003 

30-013 
30*031 
30*028 



rhe Entire 
Period. 



S 



i 






In. 

+ 
•059 

-074 
•076 

*056 
-064 
•042 

•035 
•038 
•023 

•026 
•034 

-043 
•035 

•036 
•017 
*oi7 

*025 

*04o 

•036 
•033 

'042 
-ox 2 

-051 

*052 

-068 

*o4i 
-056 

•055 



30*014 *oi8 
30*0291 *oi9 



Ins. 

»9*954 
29*985 

29*976 

29-997 
30034) 
30-043 

30*063 
30*089 
30*071 

30*084 
30*109 

30-108 
30*109 

30-109 
30*084 
30*080 
30-X00 

30-041 

30*087 
30*072 

30*083 
30*091 

30-023 
30*071 
30*053 

30*071 
30-078 
30*085 

30*065 
30*096 



In. 

*ii6 
*ii5 

•»35 

'119 

•«55 
148 

•»54 
*i6o 

•151 

•150 
*i63 

•X67 
-158 

*I59 

*146 

141 

•149 

•»44 

*i6i 
*i5o 

•154 
131 

•»33 

*l62 

*i6o 

*i4i 
*I49 

•157 

*I12 

*I38 



In Uarch the di£fereno6 from the normal was slight in the north of Scotland, 
Imt considerable elsewherci the greatest diyergence being shown in tb9 extreme 
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south of England, where the valnea were about 0-2 in. abuvo the average. 
At Eew there have been only two years since 1870 (1874 and 1676) which 
had a higher mean preBenre in March, 

In April the eic«ss of pressnre was very mnch greater than in March, tlie 
difference from the normal amounting to more than three-tenths of an inch 
at a considerable number of the stations. At Kew the mean pressure in this 
mouth was the highest on record for April, though not much higher than that 
in 1670. The nnnsual height of the barometer was all the more remarkable 
when we remember that for some hitherto nnciploiuod rea£on April has a lower 
mean pressure than any other month In the year. 

In May the excess of pressure was very ranch less thnn in April and 
Appreciably less than in March, the districts with the largest excess being the 
northern and eastern parts of Great Britain, where the values were more than 
a tenth of an inch above the average. 

In Juno the excess was less marked even than in May, being less than five 
hnndrodths of an inch at most of the English stations, and less than two 
hundredths in the extreme south. 




Fio. 1. 
Diitribotion ol Preuore, If uoh 
(or the 30 years, lB71-eo. 



Fib. 3. 
Dutribation of Prescan, March to Jans, 



Taking the period of fbor months as a whole, the mean values showed a 
large excess in all parts of the Kingdom, the difference from the normal being 
greateet (0*16 in. or more) over the central parts of England, and least {0'13 
In. or less) in the extreme aortii of Scotland and also in the SoiUy Islands. 
At Eew the mean for the entire period was higher than any observed during 
a similar time ot the year since the year 1870. The general resolt for the 
fom* months is sliown very elearly in Figs. 1 and 2, the isobars in which are 
drawn for arery two htuidredthB of an inch. Fig. 1 represents the averags 
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disiribation based on values extending over the 20 years 1871-90, and 
Fig. 2 the distribution of mean pressure in 1893. With regard to the actual 
values, it wiU be seen that the line of highest pressure in the map of averages 
appears only as the line of lowest pressure in the chart for 1898, every 
isobar in the latter being of a far higher value. The general distribution of 
pressure shown by the two maps is also very different. In the average map 
there is a moderate gradient for South-westerly winds over the entire King- 
dom, the tendency being cyclonic in the northern but anticyclonic in the 
southern districts. In the map for 1898 the South-westerly gradient is 
confined to the more northern parts of the Kingdom, where it is steeper than 
usual. Over England the distribution is decidedly anticyclonic. 

Tempebatube. 

The mean temperature was above the average for the 20 years 1871-90 in 
each of the four months, and in almost all parts of the Kingdom, the excess being 
upon the whole greatest in April and May, rather less in March, and consider- 
ably less in June. Taking the period as a whole, the mean temperature over 
England was about 4^ above the average, but considerable local variations were 
observed, the difference from the normal being in some oases very little more 
than 2°, and in other places as much as 5°. To obtain a clearer conception 
of the abnormal temperatures of the period it is, however, necessary to 
analyse the records a little more closely, the mean values alone giving a very 
inadequate idea of the influence of the strong anticyclonic tendency which 
prevailed throughout the four months. In the winter time an anticyclone 
is accompanied, as most persons are aware, by cold weather, and in the 
summer time by warmth. In the spring and autumn the anticyclone 
brings us a combination of these two qualities, and so in the period under 
discussion we find that while the day temperatures were mostly very high, 
the nights were cold, with frequent sharp firosts in the inland districts. The 
effect of these conflicting influences is shown very clearly in Table II., where 
the means of the maximum and minimum readings taken at a number of 
stations situated in various parts of England are compared with the avwage 
for the 20 years 1871-90. 

A careful examination of the table shows that the diurnal range was not 
very much in excess of the average in May or June, but that it was decidedly 
large in March, and still larger in April, when the anticyclonic conditions were 
most pronounced. The differ^ice existing between the range of temperature in 
the inland districts as compared with that on the coast has seldom been more 
forcibly illustrated than in the period under review. Taking the month of 
April, for example, we find that at Cambridge the mean of the daily maxima 
was more than 11° in excess of the average, while the mean of the minima 
was 0^*7 below it. At Yarmouth, in the same district but on the coast, the 
i p<iTiTnnm readings were only a degree above the average, while the Tninim nm 
leadings were also above the normal. The maximum readings at Cambridge 
were in fact as much as 11° higher than those at Yarmouth, while the minimfi 
«( tbe inland station were mor^ than 4° lower than those on the coast, Tb« 
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mean daily range at Cambridge and also at Strathfield Tnrgiss for the month 
of April was over 80°, or more than 12° in excess of the average. At 
Yarmouth, however, the daily range was normal, and at the other 
coast stations it was not much above the average. The same feature is shown, 
though in a less marked degree, throughout the whole four months, the 
mean daily range for the OLtira period being exceedingly large — 22° to 27° — 
in the midland counties and at most of the inland stations in the east and 
south of England, but comparatively small — 10° to 15° — in nearly all 
localities in proximity to the sea. 

Bbioht Sunshine. 

The main facts relating to the sunshine of the period are given in Table 
m., which has been compiled from the records made at 48 stations situated 
in various parts of the United Kingdom. The table gives for each month 
and for the entire period, firstly, the number of hours of bright sunshine, 
with the difference from the average for the 10 years 1881-90, in all places 
for which such an average exists ; secondly, the percentage of the possible 
duration ; thirdly, the mean amount of sunshine per day ; and fourthly, the 
number of days on which bright sunshine was entirely absent. 

The figures show that in March the amount recorded was in excess of the 
average at all stations excepting those in the west of Ireland and the north 
of Scotland, the excess being large in almost all the English districts, and 
greatest of all in the midland counties. The percentage of the possible 
duration was above 50 at nearly all the eastern, central, and southern stations, 
while in the Channel Islands it exceeded 60. The number of sunless da^rs 
was smallest in the midland counties, where three stations out of five reported 
only one such occasion. 

In April the total number of hours recorded was above the average in all 
districts, the excess being somewhat small in Ireland and Scotland, but very 
large over England, and especially so in the eastern, midland, and southern 
districts. In the regions last mentioned the percentage of the possible amount 
was considerably over 60, and in the Channel Islands it ranged between 71 
and 72, while at Westboume it rose to 74. At the Channel stations 
generally the mean daily amount of sunshine in April exceeded 9 hours, Uie 
highest proportion of all being afc Westboume, where the sun shone brightly 
for an average of more than 10 hours per day. Less than two sunless days 
were recorded over a considerable portion of England, and at the Channel 
stations there were none at aU. 

May was decidedly less sunny than either March or April, the total number 
of bours recorded being below the average in Ireland, Scotland, and the north 
of England, and not very much above the normal even in the southern parts 
of the Kingdom. Over England generally the percentage of the possible 
duration was below 50, and in the more northern districts it was mostly 
below 40. At some of the Channel stations, however, there was more than 
half the possible amount, while at Guernsey and Jersey the percentage 
Taloes were respectively 65 and 62» in the south«west of England sonlesv 
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days were rather more frequent than in April, bat in onr eastern and southern 
counties and in the Channel Islands there were no such occasions. Three 
out of the six Irish stations also reported an entire absence of sunless days, — 
a somewhat remarkable fact when we remember that the total duration for 
the month was considerably less than the normal. 

June was far more sunny than May, the only stations showing a deficiency 
being Aberdeen and Parsonstown. In the eastern and midland counties of 
England the difference from the average was not very large, but in the 
southern counties the excess was greater, while in the south-western districts 
and the Channel Islands it was very considerable. The percentage of the 
possible duration was again below 40 at several of the northern English 
stations, and below 50 in the eastern and midland counties. In the southern 
districts, however, it exceeded 50, and on the coasts of Devon and Cornwall 
it exceeded 60, while at Jersey the sunshine again amounted, as in April, to 
72 per cent, of the possible. The mean amount of sunshine per day was as 
much as 10*5 hours at Falmouth and 11*0 hours at Newquay and Guernsey, 
while at Jersey it was no less than 11*5 hours, the total amount registered 
during the month at the last mentioned station being the largest ever ob- 
served in any part of the Kingdom. 

The record for the entire four months is given in the last five columns 
of the table and also in a more graphic form in the map. Fig. 8 (p. 14), 
which shows the relative prevalence of sunshine over different parts of the 
country. The figures on the map give for certain selected stations, firstly, 
in italic type, the number of sunless days, and secondly, in ordinary type, 
the mean daily amount recorded during the whole four months. 

The stations in Ireland and Scotland are not sufficiently numerous to 
enable any very correct conclusions to be drawn, but so far as the records 
go they show that the percentage of the possible duration was below 40 in 
most parts of those countries, the lowest value of all being 22 per cent, at 
Fort Augustus. Over the northern parts of England, and also in the sou& 
and east of Ireland, there was, generally speaking, between 40 and 50 per 
cent, of the possible amount, but at Manchester, where the effects of smoke 
probably came into operation, the percentage value was as low as 88. In 
nearly all the more southern parts of England and Wales the percentage was 
above 50, the only exceptions being Greenwich and Margate ; at the former 
station there was only 44 per cent., and at the latter 48 per cent. On the 
south and south-west coasts of England the values ranged between 55 and 60, 
the latter figure being reached at Falmouth. This very high percentage was, 
however, considerably exceeded in the Channel Islands, the value both at 
Guernsey and Jersey being no less than 67 per cent. 

To grasp the full significance of these facts it must be borne in mind that 
If the sun shines during a whole month for more than half the possible time 
the record is considered a remarkably good one, a percentage of 60 or more 
for such a period being very unusual in these Islands. During the period 
nnder discussion we have at a large number of stations on our south and 
ioutb'west ooasts a percentage very little under 60 for a period extending 
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ovar four monthB, while in the Channel IslandB the Ban actDctlly shone during 
thiB lengUiy interval for more than two-tbiids of the time it was abore the 
horizon. Aoarefnl examination of the records eince the year 1861 shows 
no snob spell of fine weather, the only approach to it being in the splendid 
■nmmer of 1867. when the percentage at Jereoy for the three monthi June, 
July, and Angost was over 60. The valne, however, for that period was 




Feroontage of Bright Suoahine, Maroh to Jane 1893. 

Kfnt. The pera^ntage ol poasille gniiBliad is diown bj tbo thick lioes. The smalt 

figuTes reprcBent the number of annlenB days, and the ordinarj fignres give 
tbe mean dailj propoitiaa of bright Bunabiue. 

lower than it was this yeor, and if, to make the comparison complete, we add 
either May or September, as a fourth month, to the 1887 record, we get a very 
much smaller percentage than that given in the period under discussion. As 
regards the daily proportion of sunshine, it appears that during the four 
months there was mora than 7 hours per day in the midland counties, about 
7i hours in England East, and between 8 and 8i hours on our Bouth and 
HOuth-woBt coasts, while in the Channel Islands the daily proportion for the 
entire period was no less than 8J hours. The Bmallest number of sunless 
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dajrs in tbe four months was 2 at Bonthampton, Torquay and Guernsey, 
and 8 at Bothamsted, Dublin and Jersey, but many other stations over the 
Bouthem parts of the Kingdom reported only 4 or 5 such occasions. In 
the Channel Islands, and also at Torquay and Plymouth, there was not 
one sunless day during the whole of April, May, and June. 

Bainfau:! and thb Dbouoht. 

The principal facts relating to the rainfall of the period are given in 
Table IV., which has been compiled from the returns furnished by 78 
stations situated in various parts of the United Kingdom and published in 
the Weekly Weather BeporL At the commencement of the inquiry the 
author was tempted to avail himself of observations made at a number of 
additional places, but on further reflection it appeared that while the inclusion 
of these would probably have led to the discovery of interesting local 
peculiarities, the additional labour involved in the search would have 
resulted for the most part in a simple accumulation of facts. The stations 
employed are fairly well distributed over the Elingdom, and the general survey 
they give of the actual state of affaurs seems to be sufficiently complete for 
all practical purposes. The table shows for each month and for the entire 
period, — firstly, the number of rainy days experienced at each station ; 
secondly, the total fall ; and thirdly, the proportion of the average amount 
expressed in the form of percentages. The averages employed are mainly 
those for the 26 years 1866-90. Statistics relating to the drought are also 
included in the table. An explanation of the method on which these figures 
are drawn up will follow when we come to deal with the drought itself. 
For the present it will be sufficient to consider the question of the rain. 

Rainfall. 

In the course of our remarks on the distribution of barometric pressure 
attention was more than once drawn to the singularly local character of 
many of the rains experienced, some localities being favoured with fairly 
large amounts, while neighbouring places escaped with but a slight sprink- 
ling cr perhaps with no rain at all. This peculiar feature in the weather of 
the period comes out very clearly in the monthly values given in Table IV. 
A careful examination shows that in nearly every month, and in nearly every 
district, the rainfall at one of the stations in the district amounted to twice 
or more than twice that recorded at some other station in the same 
district, while in many instances the discrepancy was even more striking. 
Owing to these local variations our remarks on the rainfall of each month 
are necessarily of a somewhat general character. 

In March the rainfall was below the average at all but one of the 78 
stations. The single exception was Glcncarron, a station situated in one of 
the wettest parts of Scotland, and here, owing to one or two heavy falls 
which took place during the early part of the month, the aggregate amount 
was nearly half as much again as the average. Most of tlie other stations in 
the same district (Scotland N.) had three quarters or more of the normal 
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quantity, bnt at Stomoway the total fall was only 49 per cent, of the average. 
In the west of Scotland and the north of Ireland the rainfall, though less 
abondant than it was further north, amounted to more than half the average, 
the largest percentage values in these districts being 77 at Londonderry, 72 
at Edenfel (Omagh), and 69 at Glenlee. At Newton Beigny also, situated on 
the borders of England N.W., the fall amounted to 75 per cent, of the 
average. With the exception of these extreme north-western and northern 
stations the rainfall in March amounted in all cases to less than half the 
average, while over a considerable portion of England as well as in the south 
of Ireland it was less than one quarter of the normal amount. The driest 
station of all was Roche's Point, where the total rahifall (0*12 in.) amounted 
to only 8 per cent, of the average. Next to this came Prawle Point with 9 
per cent., Plymouth and Scarborough with 10 per cent., and Oxford with 11 
per cent. Over a considerable portion of our eastern, central, and southern 
counties there was no rain at all after the middle of the month. 

In April the absence of rain was upon the whole far more striking than in 
March, a deficiency being reported in all parts of the Kingdom. At the 
extreme northern and north- western stations the deficiency was somewhat 
small, over 60 per cent, of the average being reported at several of the 
stations in Ireland N., and over 80 per cent, at three out of the seven 
stations in Scotland N. and at one station in Scotland W. At Nairn (in 
Scotland E.) there was as much as 94 per cent, of the normal quantity. At 
many of the stations situated in the north-west of England and the south of 
Ireland the rainfall of April exceeded that of March, but over England 
generally the weather was very much drier. Over our eastern, southern, 
and south-western counties, and also in the m«re southern parts of the 
midland district, the total fall amounted to less than one tenth of the average, 
while in many places the proportion was very much smaller. The driest 
region of all was undoubtedly the extreme south ; at Hastings the month's 
rainfall amounted to only 0*02 in., and at Dungeness to 0*01 in., while at 
the North Foreland and Hurst Castle there was no rain at all. 

In May the weather was far less dry than in either March or April, an 
actual excess of rain being reported at several stations over central and 
northern England, as well as at Glasgow and in many of the central Irish 
districts. In the east and south of England there was again a large 
deficiency, less than half the average being reported at the majority of 
stations. The driest localities of all were Dungeness with 22 per cent, of 
the normal amount, Falmouth with 24 per cent., and London with 25 per 
cent. 

In June the deficiency of rain was more general than in May, the only district 
in which the values were above the average being the east of Scotland ; at 
Aberdeen the amount was nearly double the normal. At the m^ority of 
stations situated in the central and southern parts of England, and also m the 
west and north of Scotland, the amounts were less than half the normal, the 
smallest proportion of all (12 per cent.) being reported, singularly enough, at 
liaudale on Loch Sunart, a district famous for heavy rains. Over England 
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the smallest percentage values were 28 at Dongeness, 80 at Jersey, and 84 
at Pembroke and Scilly. 

Taking the period of four months as a whole, the figures show, as one 
would naturally expect, that there was a deficiency of rain in all parts of the 
Kingdom, the only station at which the fall approximated to the average 
being Glencarron, where the percentage reached 92. In the east and south 
of Scotland the fall amounted to more than three-fourths of the average, and 
in the west of Ireland it was not very much short of the same proportion. 
The districts m which the rainfall failed to reach one half of the average 
amount comprised all the more southern and eastern parts of England, 
with the extreme south of Ireland and a portion of Durham and Northumber- 
land. A similar deficiency was also reported in the west of Scotland, at the 
two stations Stomoway and Laudale. Over the southern counties of 
England generally the fall amounted to less than one third of the average, 
the only stations at which this proportion was exceeded being those in 
more central parts of Devonshire. In London and at Oxford there was 
exactly one quarter of the average quantity, while at Pembroke there was 
very little more than one quarter. The driest localities of all were, however, 
those situated in the extreme south-east and south-west of England. At 
Scilly ^d Falmouth the total fall amounted to only 21 per cent, of the 
average, while at Dungeness the percentage value was as low as 14, the fall 
for the whole four months being less than one seventh of the usual quantity. 
The smallest number of days with rain was at the North Foreland, where there 
were only 18, next to this we find Hurst Castle with 20, Southampton and 
Scilly with 21, and Hillington, Dungeness, Hastings, and Prawle Point 
with 28. 

In order to test the truth of the general impression regarding the very 
exceptional character of the period, the records made over a long series of years 
in London and at Oxford have been examined. For the Metropolis recourse 
has been had to the Meteorological Office records extending back to the year 
1865, and prior to this to the Rainfall values for the London district published 
some years since by Mr. G. Dines. The latter extend back as far as the 
year 1818, but as they are compiled from returns kept at a number of 
stations in the neighbourhood of the Metropolis, they are not strictly com- 
parable with observations made at a single station. The record is, however, 
generally hold to be the most complete and reliable one in existence. For 
Oxford the records published by the Badcliffe Observatory, which extend 
back to the year 1861, have been used. 

The London record for more than 80 years past fails to show any period 
of four months at any season with so small \ rainfall as that of the 
present year. In the period under discussion the total for the four months 
in London was only 1*88 in., the nearest approach to it being in the months 
of October 1879 to January 1880, when the total was 2*17 ins. 

The Oxford record, for 42 years past, also contains no such an amount as 
that recorded in the period under discussion. The nearest approach to it 
was in the months of January to April 1892, when the total was 2*50 ins. ; 
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after which come, as in London, the fooi* months Octoher 1679 to January 
1880, with a total of 2-64 ms. In 1898 the fall was only 1-86 in. It 
seems not a little singalar that one of the driest periods on record should 
have occurred in 1879, a year which was remarkable for bad weather, and in 
which the rainfiEdl for the entire twelve months was largely in excess of the 
average. 

The Drought. 

The drought statistics, given in Table lY., are drawn up on the basis of the 
definitions laid down by Mr. Symons in British Rainfall for the year 1887. 
These definitions are as follows : — 

1. Absoluts Drought. Periods of more than 14 consecutive days 
without any measureable quantity of rain. 

2. Partial Drought, Periods of more than 28 consecutive days the 
aggregate rainfall of which does not exceed 0*01 in. per diein. 

In addition to these an Engineer* s drought was defined as a period of 
three or more consecutive months the aggregate rainfall of which is less 
than one half the average. 

Table IV. clearly shows that an Engineer's drought prevailed to a greater 
or less extent in all the more southern parts of England, as well as at some 
stations situated in the south of Ireland and the west of Scotland. In many 
places the three months* limit might indeed be multiplied by two. In London 
and at Oxford, for example, the deficiency of rain was prolonged over seven 
months, the total fall between March and September being only slightly over 
48 per cent, of the average at Oxford, and rather less than 46 per cent, in 
the Metropolis. At many other stations in the south of England the rainfall 
of July was sufficiently heavy to terminate the long drought. 

Turning now to the statistics relating to the drought in its absolute and 
also in its partial sense, we see from the table that the only portions of the 
United Kingdom altogether unafiected were the western stations in Scotland 
N. and several of the northern and south-western stations in Ireland, or, 
speaking generally, the extreme western and north-western parts of the 
United Kingdom. At two of the stations in Ireland N., viz. Malin Head and 
Belmullet, there was a partial drought lasting for 29 days, while in the 
Shetlands and Caithness there was one lasting for 80 or 81 days. Two other 
stations in Ireland N. experienced an absolute drought continuing for 15 or 
16 days, and a partial drought lasting over 80 days. In Scotland E., and in 
the more northern and eastern parts of Ireland S., the drought was fairly 
general, the returns fi-om the former district showing in many cases an 
absolute drought extending over 15, and a partial drought lasting over 
85 days ; at Leith there were two partial droughts, one lasting for 44 and the 
other for 29 days. In the northern and eastern parts of Ireland S. there were 
one or two absolute periods, and at Roche's Point as many as three, tiie 
partial spells extending over periods ranging from 81 days at Par sous town to 
49 at Dublin. Most of the stations in Scotland W. experienced an absolute 
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drought for 15 days, and a partial drought ranging in most cases between 

29 and 81 days. At Douglas, Isle of Man, however, there were two partial 

periods, — one of 48 and the other of 81 days. In England N.W. three 

stations out of the seven had an absolute drought lasting for 15 days, while at 

another station (Blackpool) there was one absolute period of 29 and another 

of 18 days. The partial drought in England N.W. varied greatly in duration 

in different places ; at Stonyhurst and Manchester there were only 80 days, 

but at Newton Beigny there were as many as 61, while at Blackpool there was 

one period of 69, followed after a week's interval by another of 82 days. 

Similarly large variations were reported in the north-east of England, for 

while four stations out of the six escaped an absolute drought, one other 

station had 19 days without rain, and another station as many as 29 days. 

All parts of the district reported a partial drought, the number of days 

ranging from 45 at Alnwick Castle, and 46 at York, to 79 at 8pum Head, 

and to 75, followed by another 80 day period, at Shields. 

Coming now to the districts more seriously affected, we find in the first 
place that in the midland counties six stations out of eight experienced an 
absolute drought, the number of days ranging from 15 at Hereford and 
Cirencester to 80 at Oxford. At Loughborough there was one period of 29 
days between March and April, and another period of 17 days in June. The 
partial drought lasted in most places from 75 to 79 days, while at Lough- 
borough and Churchstoke this very long period was supplemented by a shorter 
one, which continued respectively for 82 and 29 days. 

In the east of England all stations were affected both in an absolute and 
also in a partial degree. At Yarmouth the length of the absolute drought 
was only 15 days, but at all other stations it exceeded 20, and at 
Hillington it reached 80 days. At Rothamsted there was one long period of 
24 followed by a shorter one of 15 days. The partial drought in the 
eastern counties lasted for over 80 days at four out of the five stations, the 
longest spell being at Hillington, where it extended over 92 days. 

In the south-western counties of England the drought, though less con- 
tinuous than in the eastern districts, was upon the whole rather more severe. 
In place of one long period of intensely dry weather, there were in most cases 
two or three, each lasting for 15 or 20 days. At Falmouth there was 
one absolute drought of 15 days in March, followed by another of 28 
in April, and by a third of 20 between May and June. The partial 
drought was also divided by intervals of copious rainfall, excepting at Falmouth, 
where it lasted continuously over a period of 118 days. In most of the cases 
there was one long drought lasting between 50 and 70 days in the early part 
of the period, followed by a shorter one of about 85 days between the months 
of May and June. 

The district most affected was, however, undoubtedly the south of England, 
or rather that portion of it bounded by Dorsetshire in the west, Wiltshire, 
Berkshire, and Middlesex in the north, and Kent in the east. In an 
absolute degree the severity of the drought varied in different localities, 
some places being exposed to one long period of rainless weather, while others 
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ozporieneed two or 6ven three spells of a shorter duration. The longest 
absolnte period was at Hurst Oastle, where there were 59 conseoutiTe days 
without rain, next to which eomes the North Foreland with 64. At Dnnge- 
nesB and Hastinga the abaolote drooght would have lasted as long as at Hnrst 
Gaatle had it not been for some showers which fell on April 16th ; at the former 
station these only yielded O'Ol in., and at Hastings 0'02 in., but they were 
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Propartioii of average amount ol Bainfall, Hareh to June IB93. 

NoTi.— The peroenUge of tha aveniM amonnt of Rainfall (in perosnUge tom) ii 
shown b; the thick line». The email Bgnres show the dnration in days of 
the loogert absolutt drought, and the oidiiiai; flgnreB give the doration ol 
the longeat jxtrtiol dionght. 

qnite Boffioient to intermpt the runless period, which woold otherwise have 
lasted for 69 and 68 days respeetively. In London, and also at Btrathfield 
Tnrgiss, Sonthampton.atid Stowell.the longest period of rainless weather lasted 
for 80 days, bnt in the Hetropolis it was followed in Jnne by another spell of 
16 days. The period of partial dronght was also intermpted in many eases by 
Bomecopioturainswhichfelldaringthe latter part of May. At four stations ont 
of the eight given in the district there was one long period ranging between 
77 and 9i days, fbUowed by a shorter one ranging between 29 and 86 days. 
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TABLE V. — ^DaouoHTB expsbisnoxd in Lohdon binoi thb Tbab 1865. 



Absolute Drought. 



Began. 



1865. 



II 



1866. 
1867. 
1868. 



June 3 
Sept. 22 



tf 



•t 



1869. 
1870. 



If 



Jane 5 
Jane 24 
Ang. 27 
Jane 22 
Aag. 17 
Apr. II 
Sept. 14 



1871 

1872. Aug. 10 

1873 

1874. Apr. 18 



Ended. 



June 28 . . . . 
Oct. 7 .... 
None . . . . 
None . . . . 
June 19 ... . 
July 10 . . . . 
Sept. 15 . • . . 
July 7 .... 
Sept. 4 .... 
April 25 ... . 
Oct. 2 . . • . 



1875. 
1876. 

1877. 
1878. 

1879. 

1880. 






1881. 
1882. 



It 



tt 



1883. 



It 



1884. 



May I 
Sept. 22 

Deo. 6 
Jan. 17 
Mar. 8 
May 12 
Aug. 9 
Mar. 25 
Jan. 12 
Mar. 27 
Jaly 28 
Mar. 31 
May 27 
Jane 10 
Dec. 21 



None 
Aug. 24 
None 
May 2 



1885. 
1886. 
1887. 

1888. 
1889. 
1890. 
1891. 
1892. 



It 



1893. 



tt 



July 20 

Jane 23 

Apr. 6 

June 9 



Feb. 7 
Mar. 28 
Dec. 15 
Mar. 17 
Jane 7 



None . . . . 
May 21 . . . . 
Oct. 6 . . . . 
None . . . . 
Dec. 26 . . . . 
Feb. 4 . . . . 
Mar. 30 ... . 
May 26 .... 
Aug. 23 . . . . 
April ID.... 
Jan. 28 . . . . 
April II.... 

Aug. II 

April 17.. .. 
June 14 .... 
June 28 ... . 
Jan. 4, 1885 



Aug. 4 .... 
July ID . . • . 
April 20.. .. 
July 3 .... 
None . . . . 
None . . . . 
None . . . . 
Feb. 28 ... . 
April 12.. .. 
Deo. 31 .. .. 
April 15 ... . 
June 21 . . . . 



.g 



a • 



26 
16 



15 

20 

16 
19 
15 
19 



15 
15 



21 

• • 

21 

19 

23 

15 

15 

17 

17 
16 

15 
18 

19 
19 

. . 
16 
18 

^5 
25 



22 
16 

17 
30 
15 



Began. 



Oct. 28 



June 18 

Mar. 27 

April II 

May 14 

Oct. 22 

Nov. 30 

Jan. 25 

April 14 

Mar. 8 

Sept. II 

Nov. 22 

April 20 

Aug. 8 



Jan. 



Mar. 20 

July 24 

May 6 

July 28 

Sept. 7 
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At another station, Stowell in Dorsetshire, the longer period was alone 
experienced, while at the three remaining stations there was one very long 
period exceeding in duration anything experienced in other parts of the 
district. At Hastings the partial drought continued for 95, while in 
London it lasted for as many as 114 days. The longest spell of all was, 
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however, at X)iiiigeness, where the nomher of days amounted to no fewer than 
127» the period commencmg with Fehraary 27th and ending with July 8rd. 

The general state of affairs relating to the rainfall and drought of |the entire « 
four months is graphically shown in Fig. 4, which gives, firstly, the percen- 
tage of the average rainfall in the different parts of the Kingdom, and secondly, 
hy figures, the duration of the drought at certain selected stations. To 
avoid overcrowding the map I have, in cases where two or more droughts 
prevailed, chosen only the longest. The information is therefore less com- 
plete than that given in the tahle. 

In order to obtain some idea of the exceptional character of the weather 
of the period, a list has been prepared (Table Y.) giving the duration of all 
the absolute and partial droughts experienced in London since the year 1865. 
The table is based entirely on the London observations given in the Daily 
Weather Beport, 

A very superficial examination of the figures is sufficient to 'show that, both 
in an absolute and also in a partial degree* the drought of 1898 was considerably 
longer than any other recorded in the course of the past 29 years. The 
nearest approach to the period of 80 rainless days experienced this year was 
in June 1865, when a drought extended to 26 days. Next to this came 1887 
with a period in June and July extending to 25 days, and March 1880 with 
a drought of 28 days. The partial drought of 114 days recorded this year 
was nearly twice as long as any other in the 29 years, the nearest approach 
to it being 58 days between October and December 1871. Next to this, but 
a long way behind it, came April and May 1880, and June and July 1887, 
each with a partial drought of 41 days, and afterwards June and] July 1869, 
with a period of 40 days. It may be of interest to note that in the course of 
the whole 29 years there were only five years in which neither an absolute 
nor a partial drought was reported, and it is rather singular to observe that 
three out of the five were consecutive. No drought was experienced in 
London either in 1888, 1889, or 1890. The year with the longest number 
of absolute droughts was 1880, with four such periods ranging in duration 
from 15 to 28 days. The longest number of partial droughts was three in 
the years 1870 and 1884, but in each case the duration was very slightly in 
excess of the minimum laid down by Mr. Symons in his definition. 

In conclusion I have to express my best thanks to the Meteorological 
Ck)uncil for their kindness in allowing me to make use of a large quantity of 
unpublished data. I have farther to acknowledge the valuable assistance 
rendered by my friend, Mr. A. J. Higby, of the Meteorological Office, who has 
verified most of the computations. 
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DISCUSSION. 

Mr. G. J. Stmons said that with regard to the distribntion of pressure as 
indicated in Mr. Brodie*s isobaric charts, there was a remarkable similarity be- 
tween the direction of the normal isobars for the northern part of the British 
Isles and those shown in the chart for the period covered by Mr. Brodie's 
paper. He (Mr. Symons) had repeatedly stated that the exceptional features of 
the past season were iJmost entirely connned to the southern portion of England, 
and a line drawn across the country from Falmouth to Boston would roughly 
cut off the area over which weather of an exceptional character was ex- 
perienced. It appeared to him very desirable that an investigation such as Mr. 
Brodie's should be made to embrace the continent of Europe ; and indeed it 
appeared probable that it would be necessary to include the wnole of the world, 
as he knew that in other countries, notably in the United States, weather of 
verjr exceptional character had been experienced. It was the duty of meteoro- 
logists to ascertain the reason for these remarkable irregularities in the weather, 
and he hoped that some of the men of ability who were now turning their at- 
tention to meteorological problems would be able to devote their time and 
energies to the work of discovering the cause of such exceptional conditions as 
those which have prevailed during the present year. 

Dr. A. BucHAN drew attention to the fact that in the southern seas during last 
spring and early summer icebergs had been seen nearer the equator than had ever 
been known previously, and it was exceedingly probable that this phenomenon 
had some connection with the exceptional weather experienced in so many parts 
of the world. Icebergs had been observed off the Chatham Islands, east of 
New Zealand, where tiiey had never been seen before. He believed that if a 
map were constructed showing at as many places of observation over the world as 
possible, the variations of the actual atmospheric pressure during the past season 
from the normal, no attempt being made to reduce the pressures to sea level, we 
should be on the way towards understanding the causes which had been at work 
in producing the abnormal weather of the present year. With regard to the 
prevalence of drought, he considered that the distribution of thunderstorms was 
an important factor in connection with the prevalence of drought, and we had yet 
to learn why certain districts were more liable to thunderstorms and their attend- 
ant rainfall than were others. An examination of the data from Ben Nevis showed 
that all periods of excess of temperature and great drought occurred with anti- 
cyclonic conditions, this fact seeming to point to the existence of an upper 
stratum of air of higher temperature and greater density than the lower stratum. 
The weather experienced in the British Islands depended upon the distribution 
of pressure in their vicinity, the presence of anticyclonic conditions over our 
islandsTresultiii^ in the prevalence of magnificent weather, such as had been 
experienced durmg the present year. 

Mr. B. Latham said that the drought had been spoken of as a thing of the 
past, but it was likely that the community would feel its effects upon water 
gupply for some time into the future. It was curious that the very wet year of 
1879 was followed by a year of drought, and if there had been no excess of rain 
in 1879 England would nave suffered greatly from scarcity of water. Similarly, 
when the wrought discussed by Mr. Brodie commenced the springs were very 
high, probably higher than ever before, the exceptionally heavy rainfaJl during 
February having made provision for the period of drought whicn ensued. Since 
February, however, the level of water in the springs had been gradually de- 
clining, and during the past eight months no rain had passed through his per- 
colation gauge at Croydon. It was a remarkable fact that, in spite of the 
wannth and dryness of the past season, the amount of evaporation from a 
surfiftoe of water had been much less than usual ; and this somewhat unexpected 
result was, he thought, to be ascribed to free evaporation being interfered with 
by the filtn of smoke and dirt which collected on the water surfB.ce in dry 
weather, whereas rainy weather kept the surface clear of these impurities. One 
of the important lessons learned from the drought had been to discover that, 
although the rain which had fedlen during the period had not percolated through 
the percolation gauge, it had been sufficient to raise the water level in large 
reservoirs. He wought that we were now experiencing the lowest water period 



DI80US8I0N — THX OBEAT DROUGHT OF 1898. 29 

of the year, and that if a change did not soon take place the consequences 
were likely to prove serions. 

Mr. C. Uabdino said that he had lately been working out the mean summer 
and winter temperatures and rainfall at Greenwich during the last fifty years, 
and had also prepared a statement of the number of warm and cold days. 
These figures showed that in the six months, April to September, of the present 
yecur, the temperature was 70° or above on 106 days ; in 1865 there were 127 
days ; while 1846 and 1869 each had 108 days. Temperatures of 80*^ or above 
were registered on 29 days in 1898 ; 1868 had 40 days ; and 1846, 1851, and 
1859 each had a large number. The mean temperature for the period was 
60°'6, the average being 56°'8, or almost 4° less ; only two other years, 1865 
and 1868, had a mean temperature exceeding 60*^. As regards rainfall, the six 
months* £eJ1 amounted to 7*89 ins., the driest year in the fifty being 1870 with 
6*80 ins. In 1879, a very wet year, the fall for the six months amounted to as 
much as 22*03 ins. One of the extraordinary features of the past smnmer, so 
fieur as London was concerned, was the extremely warm night on August 18th, 
when the minimum temperature at Brixton was as high as 72°. The mean 
temperature on that day was 81°*2, and was a long way in excess of any mean 
daily temperature during the past fifty years. The lar^e quantity of ice which 
had been met with in the South Atlantic was a most mteresting feature when 
considered in connection with recent weather, for such inmiense bodies of ice 
would probably exert a considerable effect upon the distribution of pressure, and 
it was the relative position of areas of high and low barometer that controlled 
the weather. Another curious fact was that captains of ships crossing the 
equator had almost all drawn attention to the presence of an easterly current 
there in the earlier months of the year, such a current in that portion of the 
Atlantic being quite unknown before. 

Dr. A. BucHAN inquired whether any attempt had been made to eliminate the 
effect of surrounding hills upon the records of sunshine, as in some localities a 
considerable proportion of simlight must be cut off by adjacent hills. 

Mr. B. H. Scott said that in England and Ireland the places supplied with 
sunshine recorders by the Meteorological Office were carefidly selected in order 
that the recorder should conunand a free horizon ; and, as far as he recollected, 
in only two cases, those of Valencia and Llandudno, were the records seriously 
interfere4 with by surrounding hills. In his Beport on Ten Yeanf Sunshine in 
the British Islands there would be found a description of the exposure for all the 
stations included in that Beport. 

Mr. G. J. Symons remarked that it would be a comparatively easy matter to 
correct sunshine records affected by neighbouring hills. It certainly appeared 
desirable that something should be done in that direction, but by far the best 
plan was to select stations for which no correction was required. 

Mr. F. Gastkr said that, while agreeing with those speakers who had pointed 
out the desirability of discovering the reason for the abnormtdities discussed in 
Mr. Brodie*s paper, he at the same time realised the enormous difficulties which 
such an investigation involved, and was hardly surprised that nobody had yet 
ventured to enter upon so great an undertaking. He drew attention to the 
manner in which the remarkably warm days in April were developed, the ex- 
ceedingly genial weather at inland places appearing to be entirely due to the in- 
tensity of the sunshine, for the temperature of the Easterly current on our coasts 
at the time was only from 1° to 2° above the average, and people who had gone to 
the seaside to recruit their health were obliged to remain indoors and have fires 
lighted because of the keenness of the wind. Inland, however, such was the warm- 
ing effect of the brilliant sunshine, that it was possible to sit out of doors and enjoy 
the fine weather. The great dryness of the air was also a very noticeable fea- 
ture, and one which morning and evening observations quite failed to adequately 
indicate. In considering the distribution of rainfall, it was necessary to remem- 
ber that there were three distinct classes of rainfall, viz. 1st., general rain which 
prevailed with large rain-bearing currents ; 2nd, thunderstorm rains, generally 
very local and the limits sharply defined, so much so that it fi-equently happened 
in such cases that the rainfall recorded in London at stations north and south of 
the Thames differed materiaUy ; and 8rd, partial rains falling copiously over 
large areas of country, rarely accompanied with thunder, and generally occur- 
ring witii an Easterly wind m sunmier and a Westerly wind in winter. He had 
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carefiilly examined the lists of maximnm Mis of rain given in Mr. Symons's 
annual volumes of British RainfaU^ and foimd that all of them had occurred with 
Easterly winds in summer and with Westerly winds in winter. This appeared 
to him to be a very striking fact, and he thought it would be desirable when dis- 
cussing rain&Il data to classify the figures not according to years but according 
to the class of rainfall to which they belonged. 

Mr. H. SouTHALL said that in the neighbourhood of Boss the drought was 
more felt in September than in the earlier part of the year, and he had been told 
by a fEurmer that there was practically no grass whatever in that district. 

Mr. F. Bbooib, in reply, said that he fully agreed with Mr. Symons and the 
other speakers who had urged the desirabiUty of discussing the weather over a 
much larger area than the British Islands, but it was impossible for him to carry 
out such an investigation, the leisure time at his disposal being so very limited. 
He had only imdertaken the compilation of the present paper because he felt 
that such a remarkable season should not be passed over without some special 
notice being taken of it, and' as it appeared likely that no one else was doing the 
work he had undertaken it. 

Mr. W. Ellis, in a communication to the Secretary, said : — It may be of inter- 
est to give some particulars for the months of March to June, as observed at the 
Boyal Observatory, Greenwich, in order to show the variation from averages as 
determined from long series of observations. Four values are in each case given, 
which will be imderstood to apply to the months of March, April, May, and June 
respectively. The mean maximum temperature was 66°*9, 64°'2, 70*^*6, and 76°-d, 
above the average by 7°*2, 7°*0, 6°*5, and 4^*4 ; the mean minimum temperature 
was 85**-9, 89°-6, 46°-l, and 60°-l, above the average by 0°-9, (f-7, 2°-4, and 0°-2 ; 
the mean daily range was 21°*0, 24°'6, 24°*5, and 25 *2, above the average by 
6°*8, 6°-8, 4°1, and 4°-2; the mean temperature was 46°-2, 61°-4, 57^-7, and 61°*8, 
above the average by 4°*5, 4^*2, 4°*6, and 2°*4. The averages referred to are 
those for the 60 years 1841-1890. The temperature rose to 8^, or above, once in 
April (80°*0 on April 20th), once in May, and seven times in June, being once 
above %(f (9V'0 on June 19th). In the 50 years, 1841-90, there is no instance 
of a temperature of 80° so early as April 20th, the earliest being April 27th, 1865, 
81°*5. The rainfall in the four months was 488 in., 0*119 in., and 0-580 in., 
and 0*822 in., below the average of the same 50 years by 1*028 in., 1*542 in., 
1*478 in., and 1*200 in., in all 5*248 ins. in defect in the four months. The mean 
amount of cloud was 4*0, 8*1, 5*7, and 4*8, values all below the average of the 70 
years ending 1887; the lowest previous values for this period for March and 
April being 5*0 in March 1841, and 8*7 in April 1840. The hours of sunshine 
were 155*1, 61*6 above average, 281*0, 119*5 above average, 186*5, 9*9 above 
average, and 198*0, 24*7 above average, these averages being for the 15 years 
1877-1891. The mean relative humidity was 74, 67, 66, and 65 respectively. 
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THUNDER AND HAIL STORMS OVER ENGLAND AND THE 
SOUTH OF SCOTLAND, JULY. 8th, 1893. 

By WILLIAM MARRIOTT, F.R.Met.Soc. 



[Bead Noyember 15th, 1893.] 

Satubdat, July 8th, — two days after the Duke of York's wedding— was a 
day of remarkable meteorological phenomena, for the temperature over the 
south and east of England rose above 80° ; thunderstorms prevailed over the 
greater part of England and Scotland ; hailstones of immense size fell at 
numerous places ; and squalls or whirlwinds swept up the valley of the Nith 
and along the coast of Lincolnshire, on the latter capsizing a boat at Skegness 
whereby 29 lives were lost. 

In the morning thunderstorms occurred in Yorkshire and Durham between 
6.80 and 11 a.m. ; and also over Dorset, Hampshire, Gloucestershire, 
Worcestershire, and Shropshire between 7 and 10.80 a.m. These storms 
were not of great intensity. 

In Cumberland and the south-west of Scotland severe thunderstorms 
occurred between 10 a.m. and noon. 

About noon a thunderstorm, accompanied by heavy hail and a violent 
squall of wind, passed over Dumfries and along the valley of the Nith as far 
north as Closebum. 

The following account is taken from the Dumfries and Galloway Standard 
and Advertiser: — 

** About 11 a.m. on Satturday the serenity of the day was sharply and suddenly 
broken by a thunder shower, which quickly emptied the streets of pedestrians. 
An hour later, following upon several peals of thunder, there was a strong rush 
of wind up the valley, from the South-west ; and simultaneously with it there 
occurred a fall of nailstones which were quite commonly the size of large 
marbles, and fell in such quantities that they lay piled together in little ridges 
along the foot pavements. Right up from the Solway the path of the wind was 
marked by overturned stampcoles of hay, and clouds of leaves were driven before 
it. On Nethertown of Troqueer some thirty ricks were swept before the blast ; 
and on Flatts of Gargen and other farms in the same neighbourhood it played 
equal havoc with the work of the harvesters. At Gherrytrees persons who were 
out had to seize hold of a fence to enable them to stand against the force of the 
wind, and in one field a donkey was pressed by it against the wail. In Dumfries 
it stripped a number of slates from the toofA ; empty boxes which were lyinff 
about were swept before it ; in Leafield saw mills a long plank was caught fuod 
projected to the other side of the workshop ; and in Queensberry Square it Ufted 
the covering from the stall of a vendor of crockery. Gontinuing its frolicsome 
career north of the town, the blast levelled more than twenty ricks on the fsurm 
of Linduden. On M*Gheynestone and other farms in Dunscore it played 
similar fimtastic tricks ; and it strewed the braes of Eirkmahoe and Glosebum 
with similar tokens of its strength. So suddenly did the storm burst that a 
nmnber of boys bathing in the Nith at Dumfries were obliged to run up the Sands 
with their clothes under their arms to find shelter from the pelting of the hail- 
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stones. The force of the wind here seemed to tnni the river uid eanse it to ran 
np the ohaimel. The hail-ebower did not continne fbr qiuM a qnurter-of-ftB- 
hour, bnt dnrins that time the rattle of the stones npon^windows ree«nbled a 
oontmnons fuBJlode of n)nsken7 ; and in that short apnoe of time it provided r 
week's work for a good staff of glaziers. 

"While reports sbowtb&t the thunderstorm and aooompEuiyinKrain were vei; 
general over DumMeBshire and the Stewartrj— ertendsd indeed over a great part 
of Sootlond — the hail and wind storm was restricted to a limited area, covering a 
oompsfativelj nairow band along the valley of the Mith as &r north as Close- 
hum. It is strikingly illustrative of its local nature that while the hailstones 
caosed some injury to the oonservatory at Uarchfield, there were none at 
Dalsoone, little more than a hundred yards along the same road. On the 
Lochmaben road the hail was not eiperienoed beyond Brownrigg. The villsges 
of Collin and Locharbriggs lay outside its range, although at Kirldand.Branetrig, 
and other Torthorwald farms some ricks were overturned by the wind ; and on 
the Btewartry side Loobfoot was beyond the area of the exceptional storm. Many 
of the hailstones were a peculiar shape, flat and roughly oironlar, with a white 
core, ennonnded by dear ice, and another white portion forming^the outer 
coating. Their appearance strikingly suggested that of a blind eye. Others 
were nearly spherical or slightly elongat«d, like a pigeon's egg. They all showed 
olearlya composite character, resulting Irom the aggregation of several pieces of 
ioe. The size varied considerably at diilerent places along the route of the 
storm. In the neighbourhood of Kirkboan they were relatively small, although, 
driven as they were by the force of the wind, they were sufficient to prevent 
horses from facing the storm and to cause their drivers to seek speedy shelter. 




Bection of Hailstone (actual siie) which tell at Dumfries. 



ice being api«reD(ly an aggregatloa of separate bsilstones olosely oompaeted round 
the nucleus with a thin coating of white ioe ; this latter may have been owing to 
attrition." 

At Domfries they commonly approached the size of pigeons' eg^ or good eized 
marbles. Many measured from an inch to an inch and a half m length. One 
which was tested was found to be an inch and three qnarten in length and 
seven-eighths of an inch in depth. In another instance where a measurement 
was made one of the stones was found to be two inches and a half in circum- 
ference. A number picked up al random on High Street were found to weigh on 
an average a quarter of an ounce. Mr. Gibson, grocer. Hi. Michael Street, who 
had experience of a somewhat similar storm early in the thirties, states that 
one placed in his scales was an ounce and a half in weight. In Kirkm a h oe the 
stones seem to have obtained their greatest size. One of circular shape and not 
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exceptional size measured two inches and a tenth in diameter. Another mea- 
surement reported was five and three quarter inches in oiromnference. Occa- 
sional pieces of ice fell of even larger dimension than those regarding which an 
exact record was kept. 

In Dumfries there was a wholesale destruction of glass, particularly of roof 
lights and of windows where the frontage was to the west, from which direction 
the storm proceeded when it reached its climax." 

Mr. P. Dudgeon, F.B.S.E., of Cargen, has kindly favoured me with a sketch 
of one of tiie hail stones (actual size) which lie picked up in Dumfries. 
This is shown in fig. 1. 

Pbtbbbobouoh Stobm. 

The following account is taken from tiie Peterborough AdvertUer^ July 
16th:— 

*' Shortly before noon on Saturday one of the severest storms ever remembered 
at Peterborough broke over the city, and did a considerable amount of injuiry. 
The storm came firom the south-east, and was preceded by an insufferable close- 
ness of the atmofiphere. For some time before the storm burst an unusual dark- 
ness prevailed, while the whole of the south-eastern sky was of a lurid red colour. 
As the storm approached and the rain began to fall the city became enveloped in 
a dense mist, while there were frequent and vivid flashes of forked lightning, 
followed by short claps of crashing thunder. The mist gradually increased in 
density, so that it was almost impossible to see across some of the streets, and 
at the same time a violent tempest of wind began to rage. The mist was so 
dense that the railway signals could not be distinguished, and to prevent acci- 
dents the men at the level crossings closed the gates across the road. This was 
succeeded by the most phenomenal hailstorm ever witnessed in the city. The 
hailstones descended in clouds, and were of enormous size. Many of them were 
weighed by Messrs. Heanley and Saunders, and also by Mr. S. Wilson, and were 
found to weigh about 24 grains each. Many of them measured an inch across, 
the greater number were lozenge shaped, but others were of a triangular section. 
The average measurement was from three-quarters of an inch to a half in 
diameter. The rain also increased and descended in torrents, and what with the 
gale, which twisted trees about into violent contortions, the rain, the fearfiil and 
almost incessant flashing of lightning, followed by the crashing peals of thunder, 
a scene of unusual wildness was created. The streets were quickly flooded, and 
there was hardly a house in the city which was not more or less invaded by the 
rushing water, which hardly fell like rain, but more as if a waterspout were 
being emptied over the city. The roar of the wind, the rattling of the bullet- 
like hailstones, the rolling thunder, and the rushing of the water together created 
such a noise as to drown all else. Fortunately, however, the tempest did not 
last long. 

*' At Fasten a man took refuge xmder a tree, but finding the storm increasing 
with terrific violence, he left the tree and ran to a shed a short distance off. He 
had no sooner left the tree than a flash of lightning shivered it to pieces firom the 
top to the bottom. Several other trees close to were also struck and dis- 
membered. In many cases where the trees were struck the trees themselves or 
huge branches were carried by the gale a considerable distance. A brewery 
chimney in St. Leonardos Street was struck by lightning, and partially destroyeo, 
one of uie chimneys at the Great Northern Hotel was also struck by lightning, a 
chinmey at Brook Villa, Brook Street, was struck, and at the house of Mr. Scott, 
Eastfield Boad, the gable end went in, but whether this was caused by the gale 
or by the violent reverberation of the thunder is not known. A flag-staff over 
the business premises of Messrs. Hawlev, Jermyn, Smith and Co. snapped in 
two, and carried with it some telephone wires, which had the effect of 
temporarily blocking the trafiic in Narrow Street. Horses and cattle in the 
streets and in the fields were seen to suffer under the infliction of the hailstorm 
in a serious manner. As illustrating the stinging force of the hailstones, it may 
be mentioned that some men got under a tarpaulm at Fengate, but the hailstones 
inflicted such pain, even through this covering, that the men found themselve 
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compelled to abandon their tarpaolin for a more gnbstantial dielter. It ib alao 
stated that a oart was standing in Oombergate, and the foroe of the storm 
carried it half-way down the street. A large nomber of minor aooidentB haj^ 
pened, such as the upsetting of market stalls." 



\ 



Between 1 and 2 p.m. a thonderstorm acoompanied by a sqaall of wii 
passed along the Lincolnshire ooast, and it was daring this squall that the 
pleasare boat was capsized off Skegness. 

Firom this time onwards till about 10 o'clock in the evening there was a 
succession of thunderstorms over the north-east of England and south-east 
of Scotland. From many places it is reported that the thunderstorms were 
continuous for 9 hours. The barographic traces show considerable oscil- 
lations during the whole of this time ; so that it is probable that the observers 
were not able to distinguish between the different storms. 

This has been a great drawback in investigating the individual storms, as 
Hm$ is a most important factor. 

Two storms were remarkable for tiie immense hailstones which fell duriDg 
their prevalence over the neighbourhood of Harrogate and Bichmond in 
Torkshire. 

Harbooatb Stobm. 

The following is taken from the lUpon Oazetts^ July 18th : — 

** The severe thunderstorm of Saturday last will be remembered for a long time 
to come, such a scene as that witnessed on Saturday afternoon not being within 
the reoolleotion of some of the older inhabitants. At Harro^te the morning 
was warm and close, and thunder was repeatedly heard in the distance. As noon 
drew near, the air was very oppressive, and shortly after there was every indica- 
tion of a heavv thunderstorm. A little before 2 o'clock the sl^ was thickly 
overcast with clouds. It was of a peculiar density and imlike ordmary thimder- 
storms. There was an evenness and almost a murkiness about the tone of the 
sky which one could hardly fail to remark. Then a blackness nearly approaching 
that of night descended, and rain became suddenly driven in an obuque direction 
with terrific force and in phenomenal quantities. The rain soon became thickly 
mingled with hail of extraordinary size, not to say of a hen's egg or even a 
cricket ball, as one imaginative writer has stated. The largest that came under 
our personal observation was 5 inches in circumference, others being 4 and 4^ 
inches. We have heard of a gentleman who picked one up 2 inches in diameter, 
and another of 2 oz. weight. On the Moor, we believe, the hailstones were 
larger than in the tovm. The rain was accompanied by vivid lightning and 
loud peals of thunder, and the storm, when at its height, continued from 10 to 
15 minutes. During this period extensive damage was done to property in 
various parts of the town. Trees were blown down and thousands of feet of 
glass were destroyed. The low parts of the town were flooded for a short time 
on account of the drains being incapable of taking away the rain, which fiall in 
torrents." 

At Brimham Bocks many of the hailstones measured as much as 8 inches 
in diameter, and at Swincliffe, one was picked up which measured &| inches 
in circumference. I was in Harrogate two days after the storm and bad 
ocular demonstration of its severity, for the majority of the windows having 
a south-easterly aspect — that is, facing the direction in which the storm 
came — were broken, as well as skylights and conservatories. Almost without 
exception in the houses of three floors, all the panes of glass in the top floor 
w^e broken, in the middle flogr several panes were broken, \^i on th^ 
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gronnd floor oomparatiyelj few panes were broken. There is no donbt that 
the hail was driven by the wind against the top of the houses with the 
greatest violenoe, and consequently most damage would be done there. The 
top storey panes were mostly small and probably of thin glass, while the 
ground floor windows consisted of only one or two panes, which were most 
likely of thicker glass than those above. 

The extent of the damage caused by the hail may be gathered from the 
following note by Mr. J. Farrah, the Society's observer at Harrogate : — 

'' I have made inquiries amongst the glaziers of this district, and find 
that in a radius of flfve mibs noi less than 100,000 panes of glass were 
broken, the cost of which is about iS8,000. A further i&7,000 (taking the 
same radius) wiU, ISO ftir «8 1 can leam, cover the damage to shrubs, flowers* 
grass, com, tumipttid potato crcqps. In this radius comparatively little corn 
is grown and veiy fitlle fruit. The greatest acreage is in permanent pasture, 
from which the tnift and butter supply of Harrogate is drawn ; otherwise 
the devastation would have been much greater. I have seen some curious 
instances of the vagaries of the storm. In one garden the potato tops 
would be battered to the ground, whilst in an acyoining one they might be 
comparatively xmfaurt. 

'•Harlow SB, which is situated a mile west of our meteorological 
station and is 800 fbet above sea level, was in the vortex of the storm. The 
Nursery Gardens there were to a considerable extent wrecked; about 
22,000 feet of g)a0B was broken, and a large quantity of tomatoes and 
herbaceous plants destroyed. 

« In the abov^ estimate I have not taken into consideration the damage 
done by the water to premises where, through one cause or other, it reached 
the interiors. Ftom my own knowledge this will amount to several hundreds 
of pounds. 

*' I was told by a fEurmer, who lives at Baiter-gate Hill, three miles west 
of Harrogate, that some of the red clay tiles that cover his outbuildings 
were broken by the hailstones, and that partridges were picked up dead in 
the fields, having been killed by the same cause." 

I>r. H. J. Johnston-Lavis made some drawings of the hailstones, which 
were published in Nature^ Vol. 48, p. 294. By permission of the Editor 
these are shown in fig. 2. 

Dr. Johnston-Lavis says: — 

'< At first a little rain fell, but it was soon mixed with small haiktones, about 
the size of peas of the usual form. These were quickly followed by hemispheres 
of the size and character indicated in C (fig. 2). After a few minutes they 
rapidly grew to the size of those shown in A and By which were drawn very 
oarefmly to actual scale. Most were flattened oval discs, as shown in the two 
drawings, which exhibit top and side view of one hailstone. I went out myself 
and measured a good number while they were falling by putting them on a sheet 
of paper and Tm^rlring their maximum and minimum diameters. These large 
stones usually had an opaque spherulitio-like nucleus, followed by two, three, 
and even a trace of a fourth, clear ice shell intervening with opaque ice. Then 
followed a broad band of clear ice with a few radiating air cavities, finally 
enclosed in a mass of white granular feathery ice. The number of alternating 
j^m^Tiin seemed to be irregular, and must have varied with that of the different 
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▼apoor strata travened by each nacleas. The origin of the type {A from C) 
u y«Ty obviotu. 

" ifae qoantitj that fell was enormoiu, eo that a lawn badly kept waa entirely 
Thite with the exception ol tho longer blades of grau that projected. The 
damafje done in the near neighbourhood must amonnt to some thooeands of 
pounds, and very few weK (hQ houses iq thiB town that eeoaped withont win- 
qows being brc^en." 




Via. a. 
Sections of BsilstODes (aatual sisa) which fell at Harrogate. 

BiCBHOND (YOEKS.) StORU. 

The foUowing account is taken from The Nurth Star, July 10th:— 
"ShorUj after 2 o'clock on Saturday afiernoon, Richmond and distriot was 
ylaited by a thnndorstorm the violence of which has had no equal within the 
memory of the oldest inhabitant. During tlie morainfi the atmosphere was 
^!^.'..^t suffocating and thunder was heard at intervaU mmbUng in the 
l^t? "^-M °^i ^, °''^'^^ '-^^ "" ''^'■'^^ ""i^tJ' -"^ the peals of thunder were 
more audible A few mmutes later the sky all round was black, darkness set in, 
and the temble etorm began. Earn drops as large as a crown piece feU at first, 
inese were succeeded by small hailstones, which rapidly increased m size untU 
,ni«iiV"rJl*-''' ^'^g?'" bantam's est-s. A wind rose at the time, and these large 
mueUes feU m a perfect deluge. A scene of the wUdeat confusion foUowed in th? 
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Market Place, for the market folk had not then started on their homeward jonmey 
Women and children screamed with fright, and ran into the nearest shops for 
shelter ; but these did not afford them much protection, for the enormous pieces 
of ice shot through the ^^iniows like cannon balls. With such force did they fall 
that pots and ornaments on the opposite walls were smashed to pieces. The 
rattling of fiJling glass and pots, the vivid flashes of the lightning combined with 
the screams of the women and children and the heavy peaJs of thunder, formed a 
scene which will never be forgotten by those who witnessed it. 

" Some of the pieces of ice were of very artistic shape. Others were round, 
two inches in diameter, and a quarter of an inch thick. These tapered in 
picturesque curves to a point in the centre, and the round edges looked as though 
they had been skilfully carved. Some were two inches long, half-an-inch in 
^ameter, and were prettily marked, while others were simply blocks of ice of all 
sizes and descriptions. Some of these, which were weighed by many for 
curiosity, turned the scale at three and a half ounces. 

" The damage done is enormous, and very few houses in the town have escaped 
without broken windows, while in manv of the large houses not a single window 
remains unbroken. Most damage has been wrought among the greei^ouses and 
the studios of the photographers. The conservatories at Bolton Crofts — ^Alderman 
Boper*s, Dr. Garter's, and others — ^were all riddled through and through. The 
houses where windows £&ced the south and east suffered most. The buSc of the 
damage was done in Frenchgate, Millgate, Market Place, and Newbegein. Sk^r- 
lights were shattered and fell crashing to the ground, greatly alarming the inhabi- 
tants. The studios of Messrs Biley, Metcalfe, and Sanderson, were wrecked. 

'* In the King's Head Hotel, no less than 175 panes of glass were smashed; 
, at Mr. T. MoGmnness's there were 147, and at the Wesleyan Chapel, there were 
185 broken. At ^e Newbeggin side of the Boman Catholic Church, numbers of 
the small diamond -shaped windows were riddled through, and tiiose in the 
Primitive Methodist Chapel were shattered. The slnr-light over the magisterial 
guarters of the Town Hcdl, which is of very thick glass, was smashed to pieces. 
Considerable damage has been done to garden produce. Apples, plums, 
gooseberries, and currants were cut to pieces and strewed over the land. Small 
branches and leaves were cut off the trees, and the Queen's Boad aftor the storm 
presented the appearance of a green field. 

" The pieces of ice could be picked up in shovelfuls, and many of the houses 
were flooded. All the damage was wrought within the space of ten minutes'* 

I yiflited Richmond on August 17th , nearly six weeks after the storm, and 
from what I saw and heard I do not think that the above account is at all 
exaggerated. The storm came up from about south-east at 2.20 p.m., and was 
accompanied by a strong wind. The air was also very thick, being described 
«< as dark as pitoh." The hailstones were first about the size of marbles, 
and these were succeeded by the very large ones. All windows facing east 
to Bonth were broken. The violence of the wind and the force with which 
the hailstones fell was clearly demonstrated by both glass and hailstones 
being hurled from the windows to the opposite sides of the rooms, and in 
one instance, which I measured, 25 feet along a passage. I was informed 
thai a military officer saw the hailstones rebound to a height of 20 feet. I 
measnred a tile } inch thick, which had been broken by the hail, the 
fractnre being 8( inches in diameter. 

Ab hail fell at Bedale a short time before that at Richmond, it seems that 
the storm was developed a little distance south-east of Bedale, and that it 
inereased in energy as it travelled along, and that its fury was not spent 
nniil it had swept beyond Richmond. The width of the storm was from 
iwo to three miles. 

Nearly every one in Richmond was terribly soared by this storm, and 
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many thought the world was coming to an end. There was one person, 
however, who did not lose his presence of mind, and that was Mr. H. J. 
Metcalfe, who collected a nomher of the hailstones, and succeeded in getting 
two photographs of them, actual size.^ These are most interesting and in- 
structive, as they show not only the shape and tiie size of the hailstones, 
but also in several instances their structure. 





Fxa. 8. 
Outline 0! Hailstone (actual nze) which fell at Belleisle, Biohmond, Yorkshire. 

Mr. M. Cooper, of York, made a drawing of two hailstones which he 
picked up in a bed room at Belleisle, about half-a-mile out of Richmond. 
The one shown in fig. 8 had been in the room some time before it was found, 
and consequently was reduced in size* 

Othkb Stobms* 

Between 4 and 5 p.m^ violent hailstortns occurred in the neighbourhood 
of the Rivers Ottse and Wharfe. Large hailstones fell at Goole, Howdeui 
and Selby, while at Snaith they are described as being ** as large as plums," 
and at Tadcaster '' as large as marbles.'* 

During the afternoon a violent tiiunderstorm pAssed in an almost straight 
line firom Normanby to beyond Darlington, that is to say from south* 
south-east to north-north-west. Its path, which followed very closely the 
main line of the North Eastern Railway, was clearly indicated by persons 
and cattle being struck by lightning. 

A number of thunderstorms prevailed over the south-eastern counties 
during the afternoon. These travelled mostly in an easterly or north* 
easterly direction. Some hail fell at Growborough. 

A succession of violent thunderstorms also passed over the north-east of 
England and the south-east of Scotland during the afternoon and evening. 

In the evening about 10 p.m. a thunderstorm passed along the north* 
West coast of England, which was accompanied by heavy rain. 

1 These photographs are given in the Hon* BoUo Bossell's book On Baitt Loaddni 
1898^ 
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Baromktbxcal Pbessube. 

From the DaUy Weather Report at 8 a.m. it appears that there was a de- 
pression lying over the west of Ireland, the lowest barometer reading being 
29*58 ins. at Valencia. The pressure increased to 80*0 ins. and upwards 
over nearly the whole of Scandinavia, Denmark and Germany, as well as in 
Spain, and to 80*1 ins. and upwards in the north of Norway. The 
gradients were consequently slight for Southerly and South-easterly winds. 




Fia. 4. 



I endeavoured to prepare hourly charts from 8 a.m. ib midnight, showings 
the distribution of pressure' and the direction of the wind. I was not,, 
however, sueoeesfhl, as the data available were insufficient for tiie purpose. 
By plotting on charts the changes in pressure from hour to hour, it appeared 
that the barometer was flEdling steadily over the greater ,part of England, but 
in Yorkshire and the south of Scotland considerable changes in pressure 
occurred, these changes being greatest and most numerous at the times of 
the occurrence of the thunderstorms. The barograph traces exhibited 
eonaideraUe oscillations at the times of the passage of the thunderstorms, 
tkalal Leeds (fig. 5) showing a remarkable rise of *06^inch between 1 and 
2 p.m«9 which was no doubt oonnected with the Harrogate storm. 
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RuKFU.!., 

Bain fell over the vhole of England and Wales and the sonth of Scotland 
daring the day; the amounts over the eonthem half of England were 
generaJljr under a quarter of an inch. Over the north of England and the 
sonth of Scotland the rainfall for the most part exceeded half-an-inch ; wUle 
along the north-eaet coast and part of the nortb-veat coast, the north-west of 
Yorkshire, Durham, Nortbamberland, and part of the south-west of Scotland 
the rainfall was over an inch. At Durham the ralniidi amounted to 2'42 ins. 




Barogrdpb trace at Lmds, July 8tb, 1B93 (The alook wai about 90 miDntM dow). 

Paths amd Rats of Travkl. 
The storms in the northern part of the country travelled generally in a 
north-uOTtb-westerlj direction at the rate of about 20 miles an hour. They 
appear to have taken the path of the least resistance, and oonseqnentlj 
passed over low ground and along the river valleys and the sea coast. 
Several storms seem to have followed each other along the same track. 

LlOBTNINa. 

The lightning in some of Uie storms was very destructive, many persons 
iUid animals being killed. There are two cases which I wish to mention. 

The first la that of a man named Bndd, at Harrogate, who had the crown 
oompletely taken out of his hat, though be himself was oniigured. The 
seoood is that of a man on a haystack who, when struck by lightning, was 
I0td iip in the ab, and then carried out against the wind, and fell to the 
ground like a stone. As this may have been the result of a discharge from 
the earth to the cloud, or what is sometimes called an " upstroke," I think 
it desirable to give the following report of the inquest from the PeUrbonmgh 
Advtrtiur, July 16th. 

" Whittleset. a Man TTit.tjn Br LiGBTHiita. — During the neat storm on 
Baturdaj'WiUiBin Smith, landlord of the * Cross Ouns,' was putting a tarpaulin 
on a haystack with two other men, when all three were strudi by lightning, and 
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Smith nnforttinatelv was killed. An inqaest was held at the ' Cross Guns ' Inn, 
on Monday, by Mr. G. Carrick, deputy-coroner, on the body. Mr. E. C. 
Elderkin was foreman of the jury, The first witness was Samuel Lyon, labourer, 
who stated : I lived at Stowe, but at present am working for Mr. Keeble on his 
farm near the ' Cross Guns * Inn. I knew deceased and indentify the body just 
viewed by the jury as that of William Smith. He was I believe 48 years of age. 
On Saturday last I was working on Mr. Keeble's farm, and the deceased was 
working with me about a quarter to two in the afternoon. He and I were on the 
top of a haystack and a thunderstorm appeared to be coming up. We were 
ewd covering the stack with Bheetings. Whilst so engaged a flash of lightning 
played roxmd about us. The shock brought me on my knees. I was just speaking 
to him, and all of a sudden he appeared to be lifted off the top of the stack and fell 
on to the ground, at a distance of about 25 feet. The sheeting on the top of the stack 
was smoking as if struck by lightning. When the deceased fell I at once went 
to him. He was l3ring stretched out on the ground. The cloth cap now produced 
I saw about a yard from the deceased. It is rent open from the top to the edge. 
It has a slight mark as if of burning upon it. When I went up to hiTn I undid 
his shirt collar and lifted him up. He gave no sign of life. I believe he was 
then dead. — Gideon Infield stated : I am a fiEurmer and live at Bamsey , Hunts. 
On Saturday last, about a quarter to two, I was engaged carting hay for Mr. 
Keeble near the ' Cross Guns.' I was near the hay stack referred to by last 
witness, and he and deceased were upon the stack covering it up with sheeting, 
but had not then done so. I had just finished my dinner, when a thunderstorm, 
accompanied bv a high wind, came on. A flash of lightning passed me, which 
was immediately followed by another flash and a very loud peal of thunder. 
The second flash went in the direction of the deceased, and I saw it strike him 
at the back of the head, and the shock brought Lyon on his hands and knees, 
on the top of the stack. I saw the cloth cap now produced, and which deceased 
was wearm^ on his head when he was struck. The deceased was lifted up about 
4 to 5 feet m the air in a perpendicular direction, and was then earned out 
against the wind for 8 or 10 yards, away from the stack, and fell to the ground 
like a stone. I was about 60 yards from the place, but hurried up to the 
deceased, who was lying stretched out on the ground. He never moved again. 
His pulse gave no sign of life. — Arthur Jordan Yialls stated : I am a police- 
constable in the Isle of Ely force, stationed at Coates. On Saturday afternoon 
last the death was reported to me of the deceased. I at once went to Eeeble*8 
farm, where I saw the dead body. I found a mark on the right side of the neck 
similar to that of a bum. It appeared to be recent. I examined the shoulder 
and chest without removing all the clothes, but saw no other marks or bruises. 
I saw the cloth cap which I now produce. It was lying on the deceased's feice, 
and was in the same condition as it is now. It has a rent from the button on tiie 
top down the back to the edging. — A verdict was returned that deceased was 
acoidentallv killed by lightning. The only mark on deceased was the slight bum 
on the neck.'* 

FOBMATION OF HaIL. 

In the drawings and photographs of the sections of the hailstones, there 
are several alternate coatings of opaque and clear ice. These coatings must 
be due to the revolutions accomplished by the hailstone which was probably 
drawn in towards the vortex of the storm several times. Ferrel, in his 
FojnUar TreoHse on the Winds, gives the following explanation of the 
formation of hail (p. 428): — 

" The origin of the hailstone is often not a rain drop, but a bunch of snow 
formed in we snow region, and moistened by the rain carried up into this 
region before it has had time to become frozen into hail. This moist snow is 
kept up there until it freezes, and after that, while being kept up there, and alter 
it commences to fall, so long as its temperature remains below zero it continues 
to receive a coating of ice from the ram which is carried up past it and that 
thronffh which it falls* As it grows and is carried outward above where the 
asoenaing eorrent is weaker, it finally becomes too heavy to be kept sos^ 
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peoded in the air, and falls to the earth a hailstone, with a lumel of froaat, 
UMO in lb ctntTt. lit Bnch a caae we may imagine the soft ball of uutw to have 
or^inated in the snow region at n (fig. 6) and then to have been kept pai- 
tiall; enapended and to have been carried np and out alowly f^m the centre to 
a distance where it could drop down, hsviii^ become meanwhile redooad to a 
low temperature, and that on ite way down it received a coating of ioe from the 
amall ascending rain drops, or others with which it oame in eontaot daring ito 
fall, and that it finally reached the earth at n. 




Via. 6. 
Fancl'a nteory of the Fonnatioii of Bail 



" tt often happens, however, that in tiling very gently where the asoending 
Onrrent at no great distance from the vortex is not quite, bat nearly, mfScient to 
keep it suspended, it is drawn in again by the indrawing corrents from all sidea 
towards the vortex, as the send olouds imder the rim of the tornado dond, 
where the ascending current is snfficient to carry it op again into the mow 
region, where it receives a coating of snow moistened by the small rain drops 
carried np into the snow region before they freeze. This coating now beoome* 
frozen Bohd, and the whole mass, it may be, redoced considerablv below aero 
tMnperatore before it is carried out above, where it oan gradual]; drop down 
again toward the earth ; and in falling, even thiongh the lower part of the anow 
re^on where there is little snow, bat mostly rain drops not yet froian, it re- 
oeivM another ooating of solid ioe ; for its temperatnre having been rednoad 
oonaiderably below zero, it continoes to freeze the run coming in oontaot wiUi 
it for a long distance after having pasaed down into the cloud region. But in 
gently falling down it may be drawn in a second time towards the centre and 
be carried np by_ the ascending current into the snow region and reoeiTe another 
coating of solid ice In the same manner aa before. This procesa mi^ be repeated 
a nmnoer of times, in each of which the hailstone, diaregaiding its gyratory 
motion all the while, describes a kind of orbit not retnming into UkAl, bodm- 
what SB represented in fig, 6, antil finally it is carried ont above so &r from 
the oentre, or the strength of the tornado oecomes eo mach weakened, that it is 
no longer carried in toward, and np in, the central part, bat falls to the earth a 
haiUtotu with a tnwo kernel and a number qf eUUmating eoncttttria eoalitigt ^ 
loUd tee and frexen wet tnoa. 
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" In tbi? case we may suppose the small snowball to have originated at p and 
to have been carried np and ont, and then to have fallen down and to have been 
drawn in toward the centre several times, nntil finally it was carried out so far, 
and had grown to be so heavy that it was not brought in toward the centre, but 
dropped down to the earth at $.'* 

The above explanation seems to account for the numerous alternate coatings 
of opaque and clear ice in the large hailstones. In each of the storms in 
which hail fell, the same characteristics were reported, viz. great darkness, 
squall of wind, severe thunderstorm, and heavy rain. All tiiese seem to 
show that the air was in violent agitation favourable for the production of 
large hailstones. 

In conclusion, I would remark that the results of this investigation con- 
firm those set forth in my *< Beport on the Thunderstorms of 1888 and 
1889." 



THE GREAT STORM OF NOVEMBER 16th.20th, 1893. 

Bt OHABLES HABDINa, F.B.Met.Soc. 



(Bead December 20th, 1893.] 

The storm which forms the subject of this paper was so disastrous both 
with respect to loss of life and property on our seas, as well as having 
occasioned considerable loss and su£fering on shore, in addition to the 
vast destruction of timber, especially over the northern portion of the 
Kingdom, that it seems desirable that some account of its occurrence should 
appear in the Quarterly Journal of the Society. 

For a few days prior to the storm a large area of high barometric pressure 
spread from the neighbourhood of Iceland, over Great Britain and the North 
Sea, to central Europe. This high pressure S3n3tem moved steadily to the 
south-eastward, while a small disturbance reached us from the Atlantic and 
advanced eastwards up the English Channel and to Germany during Novem- 
ber 14th and 15tli. 

This pilot disturbance caused a partial giving way of the high pressure 
area over western Europe, but on November 16th high barometer readings 
had again asserted themselves over Bussia, and doubtless the re-establish- 
ment of anttcydonic conditions over central Europe had a most important 
influence on the track of the storm, which was at that time within so short a 
distance of our western coasts. 

The earliest intimation of the approach of bad weather, in connection wiili 
the storm which forms the subject of this paper, was shown at Valencia at 
4 pjn« on the 15th, when the barometer commenced to fedl and the wind 
w hour or bo afterwards began to freshen from the South-east. The Uotep" 
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rologieal OfBoe, in its remarks prepared for pablication in the next moming's 
cewapapere, reasoning on tbe telegraphio reports made on the ISth at 6 p.m., 
tsud : " Tbe high pressure area over England and the North Sea is movii^ 
eastwards, and new low pressure systems seem to be advancing from the 
westward." At this time the central area of the approaching storm system 
was aboat 500 miles to the soath-west of Valencia. 

At B am. on the Iflth the barometer at Valencia had fallen to 29-42 ins., 
which was a fall of 0*48 in. since the previous day ; and the North-easterly 
wind which had been btovrJng over the British Islands had given way ea- 
tirely to a warm and hnmid Bon th -westerly cnrrent of air, under the inflnuiee 
of tiie large disturbance which was rapidly approaching oar shores from the 
westward. The telegraphio reports received by the Ueteorologieal Office did 
not show a stronger force than a moderate gale (7 of Beanfort's Notation), 
and that force was only attained at Valencia, Roche's Point, and BeMy. 
The gradient for Soatherly winds at 8 a.m. was 0-6 in. in 460 miles. 
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At noon the Barque Arid — Captain V. S. Goldsmith — ^keeping a log fiir 
the Meteorological Office, was near the centre of the distnrbance. The 
lowest reading of the barometer occurred at this time, and the wind is reported 
na cahn. The vessd at noon was about 800 miles west of Valencia, and the 
captain aiterwards reported a heavy North-westerly gale lasting abont 
S days. 

The 2 p.m. reports showed that a strong gale was blowing at BeiDy, and a 
fresh gale at Valencia from Sonth-east, while the barometric fidl had ex- 
over the whole Eingdomt 
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At 6 p.m. tlie eentral area of ths Btonn was within a few miles of our 
extreme sontb-west coasts, and in the soath of Irelajid tLe barometer had 
fiUlen to 28*8 ins. ; while on onr soath-east coasts it was nearly an inch 
higher. The gradients for Sonth and Soath-west winds bod therefore con- 
mderaU; increased since the moming, and gales or strong winds were now 
blowing over the whole of the British Islands. 

The loweet barometer occnrred at Valenoia at 7 p.m. on the I6th, and the 
wind shifted from East by soath to West- sootb- west between 8 and 9 p.m. 

At 8 a.m. on the I7th the central area of the storm was situated over the 
west of Scotland, the lowest bartmieter reading being 28- 63 ins. at Ardrossan. 
The storm bad traversed Ireland at the rate of abont 24 geographical miles 
per boor, passing Irom sontb-west to nortb-east during tbe preceding night ; 
and the winds at all tbe Irish staUons had shifted to the North-westward 
and bad generally moderated in force. Daring the night and early moming 
a heavy gale was experienced over Ireland and in tbe north of Scotland, as 
well as at many places in England. The greatest difference of baiometer 
readings in a given distance was now tn the rear of the storm, where a 
rapid recovery had set in. 
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At 2 p.m. tbe centre had traversed Scotland, and was situated close to the 
eastward of Peterhead. The anemometrioal records at Aberdeen show a 
shift of wind from Sonth by east to West by north between 1 sjid 2 p.m. 

The winds bad become North-westerly over the greater part of England, 
while tbe steepeet gradients were in the sontb-weBtern segment of the storm 
area aqd for decidedly North-westerly gales. 
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The 6 p.m. observations shoved that tha central area of the storm wai 
close to the eastward of Wiok, where the barometer was 28*57 ina., and a 
moderate gale was blowing from the North. The gradients for North- westerly 
winds were still very ataep, the diSerenee of the barometer front Wiek to 
Taleneia amonnting to an inch. The North -weaterlj gale waa TOiy stroi^ 
bat winds had lolled eonsiderably over the eastern portion of the Kingdom, 
where subsidiary distnrbances were very prevalent. The north-wetterly 
gradient extended from Wick to the soath of Spain. 

The anemograms at Deerness, Orkney, show that at 6 p.m. the wind 
shifted from East by north to North by east, and the Tolooity inereased 
Tery saddenly. 

At 8 a.m. on the 18th the storm system bad taken a very sadden and 
abrapt change in its path, and was now traTelling sonth- eastwards, skirting 
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dose to our east coaBta. The centre was wtuated in the North Sea about BO 
miles to the east of Scarborongh, bnt the diaturbance was gradually filling np, 
the^lowest barometer reading being 28*99 ins. at Spurn Head. The gradients 
for Northerly winds were the steepest, the difference of barometer 
reading amoraiting to an inch between York and Valencia. Oales ocouired 
in the preceding night over nearly the entire Kingdom, and were exoeptionally 
severe over Scotland and very heavy over Ireland. 

The self-regiataring records at Aberdeen indicate that the centre of the 
Btorm area repassed that station on a south-easterly track between 9 and 
10 p.m. on the 17th. It passed Ahiwick Castle about 1 a.m. on tho 18th. 

At 2 p.m. the central area of the distarbance was stillsitnated off the sonUi- 
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tut «iMBi of Englml, the loweet barometer reading being &9-0S ba. at 
TanaonOi. Oradieats were steep over the entire ^ngdom for Northerly 
winds, and galea were blowing over nearly the whole of the Britaah Islands. 
The barometer was now rising in all parts of the eonntry. 

The 8 p.m. observations showed that the oentre was eontinning its passage 
to the south-soath-east, and wasnow utoated over Briginm. Strong Northerly 
gales were still prevalent over the United Kingdom, and the wind had increased 
io force orertbesonth-east of England. The differeneeof barometer readings 
between Ydeneia and the ooaat of Kent was rather more than an inch. 

At 8 a.m. on the 19th the diBtnrbanca had agfun taken rather a different 
oonrse, and was travelling east-soath-eastward ; the centre hj now close to 
Coxhaven, where the barometer was reading 29*10 ins. 

Northerly gales ooatinaed to blow on moat of our coasts, bnt the gradients 
were baooming less steep over tbe wastern portion of the Kiogdom ; they 
were, however, still ateap over the aonth-east of England, and were accom- 
panied by strong Northerly galea. 
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On the 20th the gradients were steep for Northerly winds, bot the 
galea were generally sabsiding, althoagh still blowing strongly on our sonth- 
east coasts, and at Yarmouth the highest wind velocity throughout the gale 
was attained at fi a.m. 

The anemograph records, kindly supplied by the Meteorological Conncil, 
have been tabulated for a period of 4^ days, and are given for 16 different 
stations over the United Kingdom in Tab)e I, Xbey show that the hourly 
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velocity of the wind was 45 miles, or above it, in some part of the British Islands 
almost oontinnoasly for 4} days. In this Table, and throughout ihis paper, 
the fEtotor 8 has been retained, as no systematic change has yet been intro- 
duced into the anemometrical records either in this country or abroad. The 
anemometers used are not all of the pattern known as the large Robinson, 
but quite irrespective of the difference this would occasion there are wide 
differences which cannot satisfactorily be explained. For instance, at stations 
80 close together as Holyhead and Liverpool, the average hourly vdocities for 
the 4^ days are respectively 54 miles and 80 miles. On the other hand,, it will 
be seen that the average hourly velocity during the whole period of the gale 
was identical at Greenwich and Eew, being 28 miles at both observatonea. 

The absolutely highest hourly velocity in Table I. is 98 miles, recorded ai 
Deemess in the Orkneys at 9 p.m. on the 17th. The hourly velocity al 
Orkney was 90 miles or above for five consecutive hours, and the observer, 
Mr. Spence, says " the hurricane commenced exactly at 6 p.m. on the 17^i 
like the shot of a gun.*' It will be seen tram Table I. that at 5 p.m. the 
hourly velocity was 14 miles, at 6 p.m. it was 46 miles, and at 7 p.m. it had 
increased to 81 miles. 

There are only five previous instances in 80 years, since 1868, of the wind 
attaining 80 miles and upwards in the Orkneys ; these instances are all given 
in Table III. (p. 51). The absolutely highest velocity previously observed in 
Orkneys was 88 miles an hour. 

Table II. gives a few of the principal details from Table L grouped to- 
gether for the purpose of comparison . From the column showing the maximum 
velocity it will be seen that the greatest violence of the wind on shore 
occurred at Orkney, Holyhead, and Fleetwood. The gale 'was of longest 
duration at Holyhead, the wind attaining the hourly velocity of 45 milea 
(force 8 of Beaufort's Notation) or upwards, for 76 hours, while it was 65 
miles (force 10) for 81 hourR, and for 4 hours it was 85 miles or upwards 
(force 12). 

Table III. gives the dates of severe gales from 1869 to 1898, a period of 
25 years, on which the wind velocity was 80 miles an hour and upwards, as 
registered by the anemometers erected by the Meteorological Office. 

The above records in all show 21 gales in which the hourly velocity of 
the wind has attained 80 miles which have occurred in the British Islands 
during the last quarter of a century. 

The following are notes of squalls recorded by anemometers during the 
gale on November 18th : — 

Deemess. — ^There is evidence of strong squallfl, but owing to the general 
steepness of the lines it is difficult to separate individual squalls. From 9.55 p.m. 
to 10.26 p.m. 60 miles were registered =100 miles per hour. Just before mid- 
night the trace over some minutes gives a rate of considerably over 100 miles 
per hour. 

Fleetwood, — About 10 a.m., for half-an-hour, a rate of nearly 100 miles per 
hour was attained. Near noon, in severe squalls, a rate of quite 120 miles per 
hour is shown. 
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TABLE IL^FoB<» of Wind indzoated by Vblooitt 

z6Ta, ZO A.lf ., TO 20TH, 9 P.] 



Anbxoxbthbs^ Novbhbbb 



Station. 



Yaleneia 

Dablm 

Armagh 
Orknej 
Aberdeen 
Glasgow 
Alnwiflk Castle 



North Shields 
Fleetwood 

Liverpool 

Holyhead 
Yarmooth . 4 

Greenwich 

Kew 

Falmouth 

Sdlly 



Mazimnm Velocity. 



Hoars with VdodtylT: § 




TABLE III.— Datks of Gales fbox 1869 to 1893, with Wzxfo YELOcmr 80 xilbs ah 

HOUEAKD UFWABD8. 



Station. 



Sandwick 

Valencia 

Holyhead 

«• •••••••••••••••••• 

.Sandwick 

Tarmoath 

Viilencia : 

Sandwick 

i» ,- «.•...<.. 

»» ..••.•......• 

Valencia 

Fleetwood , . ." 

ff ..•.. 

Hulyhead 

Alnwick Castle 

Fleetwood 

»f ..•••.... 

ft •••.•••..... 

»» ••• »....•. 

ti ••...•••.••••.•••• 

Orkney 

Fleetwood 

Holyhead 









l«^^ 


Date and Hour of 


Direction ol 


.9S§ 


Hazimum Velocity. 


Wind. 


1869. 


Feb. 27, 4 a.m. 


NWbyW 


81 


1871. 


Jan. 15, II p.m. 


SSW 


81 


187a. 


Nov. 23, 7 p.m. 


SSE 


80 


i 1877. 
( »» 


Feb. 20, 3 a.m. 


NW ) 


82 


n If 4 *«™- 


NWbyN f 


1877. 


Nov. z6, 3 a.m. 


W 


83 


1881. 


Jan. 18, II a.m. 


E 


80 


r88i. 


Nov. 21, 10 p.m. 


SW 


82 • 


1882. 


Jan. 6, 5 p.m. 


W 


82 


1884. 


Jan. 20, 9 am. 


WbyS 


88 


1885. 


Feb. 21, Midt. 


SbyE 


82 


1885. 


Dec. 3. 9 p.m. 


SbyW 


82 


1886. 


Deo. 9, 9 a.m. 


NWbyW 


80 


1887. 


May 20, 8 a.m. 


NW 


91 


1887. 


Nov. I, II a.m. 


8E 


80 


1888. 


Nov. 16, II a.m. 


SW 


80 


Z889. 


Feb. 8, 8 p.m. 


NW 


86 


1889. 


Oct. 7i II a.m. 


WbyN 


85 


1890. 


Oct. 16, 5 p.m. 


NW 


82 


1890. 


Nov. 7, 9 a.m. 


NNW 


87 


1891. 


Dec. II, I a.m. 


NW 


90 


1893. 


Nov. 17, 9 p.m. 


N 


96 


1893. 


Nov. 18, 10 a.m. 


N 


87 


1893. 


Nov. 18, II a.m. 


NbyW 


89 
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Holyhead. — ^The trace is nnBatiBfaciory for obienration of tqaalls, bat the 
required information is supplied by the '^ bridled '* anemometer. 

Scilly. — ^There are no indioations of squalls of exceptional stren^^, bat the 
anemometer here is of smaller size, and the trace is also smaller in width. 

Dublin, — Nothing worthy of special remark. 

Falmouth, -^Nothing remarkable. 

Valencia. — Squalls are shown on the trace, but they are not very marked. 

Armagh. — Nothing calling for special note. 

Aberdeen. — Some well-marked squalls, one at '3A5 ajn. 18th, qoite 80 milea 
per hour. 

Kew, — Trace indicates a very squally wind ; there are some Teiy distinct sqoalls 
shown, but the shortest reliable piece of line does not give more than 65 miles 
per hour. 

The ^* bridled *' anemometer at Holyhead, which is essentially suitable to 
the registration of gusts, gives several instances of gosts at the rate (tf 116 
miles an hour, using the old factor 8. Gusts of this force were of consider- 
able frequency on the 18th from 6.80 a.m. to 11 a«m.| and indeed until 8 
p.m. the violence of the gusts was but very little less* 

Mr. Dines* '^ tube *' anemometer, which is in work at the Heteorologieal 
Office in Victoria Street, Westminst^, gave the mazimom veloeity of the 
squalls as 78 miles an hour on the 18th between 5 and 6 p.m.| the fieu^tor 8 
again being used. 

There were many squalls of considerable int^est daring the gale, and in 
some instances they can be traced for a considerable distance over the 
country. The scope of this paper will not admit of any especial attention 
being given to these, although it is the squalls in such gales that are of the 
highest importance, and it is these which probably occasion the largest luuonnt 
of damage and which render the storm so destructive. One sqaall whieh 
passed over the Metropolis, and was traceable for some distance on its out- 
skirts, took place on the 17th between 5 and 6 p.m., fully 24 hours before the 
greatest violence of the gale occurred. Mr. Ellis has sent me tracings of the 
self registering instruments at Greenwich which show this squall to have 
passed over the Royal Observatory at 5.48 p.m. on the 17th — ^it is very 
clearly shown in all the records of the self-registering instruments. Ai Sew 
it is equally well marked, and occurred at 5.20 p.m., while Mr. Mawley's 
anemograms show that it occurred at Berkhamsted at 5 p.m. The «»fnt 
characteristic is shown by two interesting barograms lent by Mr. L. P. 
Casella, the squall passing over Holbom at about 6 p.m. 

It is not possible to give in detail an exact statement of the ehai^jee shown 
by the anemograms, but the following brief summaries may be of interest as 
supplementing the hourly velocities given in Table I. 

Valencia — There was a decided lull in the wind during the evening of the 
16th, and at 7 p.m. the velocity was only 3 miles an hour, the direction at the 
time being East bjr south ; there^ was a sudden shift to West-south-west at 9 p.m., 
after which the wind deci«ledly increased. The wind afterwards shifted steadily 
through West to North, where it remained during nearly the whole of the 17th, 
18th, and 19th. The maximum force of 60 miles in the hour, which occurred at 
4 a.m. on the 18th, was from North-north-west. 

Dublin, — The wind hauled steadily from South-east through South and West 
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fo North, where it remained for about 3 days. The strongest wind was from due 
North. 

Armagh, — ^The wind changed from East through South and West to North, 
the change being greatest in the early morning hours of the 17th, the diiection 
was East- south-east at 1 a.m. and West at 4 a.m. It remained fairly steady at 
Norths for folly 3 days. The maximum force was from North. 

Orkney, — ^The direction was steady at South during the after part of the 16tb« 
On the 17th it drew gradually Easterly, and at 5 p.m. was East by north, the 
Telocity beinj^ 7 miles an hour. At 6 p.m. it shifted to North by east, and the 
Telocity had increased to 46 miles an hour ; at 7 p.m. it had increased to 81 miles, 
the direction being North, and it afterwards remained steady at North for nearly 
three days. The direction from 7 p.m. on the 17th to 4 a.m. on the 19th never 
Taried more than 1 point from North. 

Aberdeen, —Th^ airection of wind was steady at South-east till 1 p.m. on the 
17th, when it suddenly shifted to West, and dnrmg the remainder of the day was 
nnsteady between South-west and North-west. The maximum force was from 
North-west by north at 1 a.m. on the 18th, and it was afterwards very steady 
at North for more than 2 days. 

Okugaw, — ^The direction was fairly steady at East till 7 a.m. on the 17lh, 
shifted to South at 9 a.m.. West- south-west at 10 a.m., and afterwards through 
West to North, where it remained steady for nearly 3 davs. 

Alnwick Castle, — ^The direction was South-west till lO a.m. on the 17th, after 
which it shifted gradually through- South and West to North. The maximum 
force was from South-west by south at 1 p.m. on the 17th. 

North Shielde. — ^The wind shifted gradually from South-east through South 
and West to North, from which latter point the maximum velocity was reached. 
The direction was steady at North for about 2 days. 

Fleetwood, — ^The wind was fairly steady at South-east throughout the 16th, and 
on the 17th until 5 a.m., after which it shifted through South and West to North. 
The maximum velocity was from North at 10 a.m. on the 18th, and the direction 
remained steady at North throughout the 18th and 19th. 

LiverpooL — ^The direction was South-east throughout the 16th, and was un- 
steady Detween South-east, South, and West-north-west on the 17th. It shifted 
to North-north-west at 1 a.m. on the 18th, and remained within a point or two 
of North during the next 2 or 8 days. The highest velocity of wind was from 
North-west 

Holyhead, — ^The wind was at first South-easterly, and shifted through South 
and West to North. The direction was steady at North throughout the 18th, 
19th, and part of the 20th. The maximum velocity of 89 miles was from North 
by west at 11 a.m. on the 18th. 

Yarmouth, — ^The direction of the wind was Easterly and South-easterly 
throm^out the 16th, and shifted gradually through South to West by the evening 
of ^e 17th, and remained between West and South-west until 6 p.m. on the 18th, 
alter which it shifted suddenly to North, near which point it continued for some 
time. The maximum velocity was 64 miles an hour from North-east by north 
at 5 a.m. on the 20th. 

Kew, — ^The direction was chiefly East and South-east during the 16th, and was 
imsteadT between South and West on the 17 th. It shifted to North -north-west 
at mid-oay on the 18th, and remained between North-north-west and North-north- 
east to the dose of the 20th. The maximum force was from North-north-west at 
7 p.m. on the 18tii. 

^a/motf<^.— The direction was between South-east and South-west on the 16th, 
and between South-west and North-west on the 17th. It shifted to North about 
mid-day on the 18th, where it remained during the next 2 or 3 days, the direction 
during this time only varying a point or two on each side of North. The maxi- 
mnm Telocity was from North-north-west at 10 a.m. on the 18th. 

flietZly.— llie wind shifted from South-east through South and West to North, 
where it remained fairly steady for 2 or 3 days. The maximum velocity occurred 
at 2 a.m. and 6 a.m., 18th, the respective directions being North-west and North- 
west by north. 

Throogfa the eourtesy of the Board of Tradei I havo been allowed access to tho 
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official returns which give the casualties to vessels involving either loss of life 
6r saving of life by some extraneous means. The data are accurate and com* 
plete, and deal merely with the storm from November 16th to 20th. The total 
loss of life reported to the Board of Trade within the limits of the Wreck 
Chart, and of four weeks after the date of the storm, on December 15tb, was 
885 lives from all vessels Foreign and English. The returns are made for our, 
coasts and for a very limited area of the sea adjacent to our coasts, the limi- 
tation being that common to the ordinary Wreck Charts published annually 
by the Board of Trade. 

The several casualties have been grouped for the respective days of tho 
storm with the following result : — 

Nov. 16 Lives Lost 10^ Lives Saved 22 

» 17 „ 47 „ 66 



„ 18 
„ 19 
„ 20 

Total 



174 „ 880 

51 ,, 94 

89 „ 89 



821 „ 600 

Vessels abandoned, foundered, stranded, &c., in every case involving either 
loss of life or saving of life by some means other than the vessel experiencing 
casualty :— • 



►V. 16 N 


umber of Vessels Lost 


V 


o 17 


»f 


i» 


22 


„ 18 


>f 


»» 


71 


„ 19 


»} 


$9 


26 


M 20 


i> 


it 


16 



Total „ „ 140 

The Board of Trade returns, from which the above facts are obtained, do 
not deal with loss of life, &c., in vessels on the open ocean. 

Li addition to the above, there were on December 16th — four weeks after the 
storm — 21 vessels, many of which are large steamers, posted on the *' Over- 
due " List in the Liverpool Journal of Commerce — ^most of these being pro- 
bably involved in the storm. 

Both the time and position of the casualty are given in the Board of Trade 
returns, and I made an attempt at producing a Wreck Chart for this par* 
tioular storm, but in many cases the casualties are too dose and too numer- 
ous to be pictured on anything like a reasonable sized chart, consequently, 
the losses cannot be shown graphically, and I have considered the lists to be 
rather too much in detail for the scope and limits of this paper. 

There is, however, one special feature. The losses were, for-^ 



Nov. 16 


principally on our west coasts. 


„ 17 


„ „ north II 


„ 18 


spread over all ^^ 


„ 19 and 20 


chiefly „ east ,, 



^ These scarcely belong to 16th. 
* 2 vessels scarcely belong to 16th. 



-^ 
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' The Kational Lifeboat ^titution state "that during the recent great 
gale, luting from Kovember 17th to 21st inclusive, our lifeboats were 
launched on service B2 times, and saved 208 lives and 6 vessels. The erews 
of 22 other life-boats were also assembled in readiness for launching, bnt 
fbeir services were not required." 

The Secretary of Lloyd's, Col. Hazier, in forwarding a list of casnalties, 
Says : " On November 20Hi we had, I believe, what was our heaviest Losb 
Book ; in that day 144 oanaalties were posted on it." 

For the following statement, which shows the vast destruction of timber in 
the northern portion of the Kingdom, I am indebted, through the kind 
eonrteiy of Sis draoe the Duke of Suthorland, to Mr. Henry Wright, of the 
Sutherland Estates Office. 

Tongut Di$triet of Sutherland. Nortb-weBt. — The itorm began sbout 3 p.m 
on tlie 17th, a point or two West of North ; it soon got into true North and 
remtiued there for most of the night ; later it got round a few points to the 
Eastward. About 1800 trees were blown down, namely, 619 fir, 417 larch, 147 
■pmee, 116 birch, 106 beech, the remainder ash, oalc, elm, and varioua. There 
IB much dsmsee to roofs of hoiiseB, &c. 

DttHTobih Diitrict of Sutheriaad. Bast aide. — Never within living memorr had 
such a storm been experienced on the east const of the county. The wincl was 
accompanied by heavy rain. It was woret from 8 o'clock till midnight In the 
morning (18th) with snow and frost. The estimated number of trees Dlown down 
is 62,000, or say, at most, 66,000. 

By the aid of the Piht Chart of thi North AiLintie Ocean for December, 
published by the Hydrograpbic Office of the United Btates Navy Department, 
conned with infbrmation obtained from an examination of the logs of vessels 
which ezperieneed the storm, the storm can be tracked completely across the 
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The P3ot Oharl says;— 

" On November 7th a depresaion ' originated east of the Florida coast near the 
Bahamas. At the same time an area of high pressure prevailed over the New 
England and middle Atlantic States. By noon, G. M. T., of the 8lh, the de- 

Eression had moved np the Qulf Stream almost to Cape Hatteras. The area of 
i^ pressnre in the meantime moved eastward off the New England coast On 
the nh the storm was central jnat to the northward and close to Cape Hatterai, 
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VesselB along the coast on the 8th and 9th re{M>rted the wind of force 10-lU 
From Hatteras the storm moved to the northward of east and crossed the Atlantic, 
as shown graphically on the chart. From reports received, this ■term maintained 
its energy during the entire passage.** 

I am indebted to the kindness of the Canard Steamship Company for the log 
of the ss. Lucania, bound from New York to Liverpool. This vessel left New 
York on November 11th, and from the very time of starting she was nndesr the 
influence of this storm system, and throughout her passage she ezperieiieed 
North-easterly and Northerly winds, being on the northern side of the etorm 
system until her arrival off the English coasts. 

On the 12th, the wind increased to a strong gale with a rapidly falling baro-> 
meter— ship at noon in lat. 41*28' N., lone. 6^40' W. 

On the 13th a strong North-easterly giue was blowing all day with a high 
sea. barometer falling slightly — ship at noon in lat. 43*48' N., long. 54*57' W. 

On the 14th the vessel had gained considerablv on the storm system, and during 
the afternoon she was at her nearest position to the centnd area of the disturbaneei 
the barometer being as low as 29 ins. A fresh North-easterl;^ gale was experi* 
enced during the greater part of the day, the vessel at noon bemg in lat 46*6' N» 
and long. 46^0' W. 

On the 15th the vessel at noon was in lat 49*11' N., long. 38*5' W., and she 
again experienced a North-easterly gale throughout the day with a unifonily low 
barometer. 

On the 16th the storm was somewhat outstripping the JJueamcty traveUing more 
quickly to the eastward, and the vessel experienced a steadily rising barometer, 
although a fresh to strong North-north-easterly gale was blowing throughout the 
day. The vesseFs position at noon was lat 50*^' N., long. 27^ W. 

On the 17th the vessel was again gaining on the storm, and in consequence she 
experienced a falling barometer. The wind was between North-north-east and 
North-north-west, with its force ranging between a moderate and a hard gale. 
Ship at noon in lat. 51*23' N., long. 15*3& W. 

On the 18th the vessel experienced a hurricane with terrific squalls— direction 
steady at North throughout tne dav. The barometer was rising as the distnrbanee 
was a^ain movingEastwards, and the high barometer in the rear was deddedlr 
asserting itself. Vessel at noon in lat. 52*12' N., long. 6*2' W., and before mid- 
night the ship was off the Great Orme*s Head. 

Owing to the violence of the gale the vessel was 25 hours doing the passage 
from Roche*s Point to the Mersey, while on the outward passage she had covered 
that distance under 12 hours. 

The storm was accompanied by heavy falls of snow, sleet, and rain in 
many parts of the British Islands, and the gale was exceptionally violent on 
the French coasts, but the object of the paper is primarily to deal with its 
effect and influence over the British Islands, and my endeavour has been, as 
far as possible, to bring the scope of the paper within a limited compass* 

In conclusion, I have to thank the Metoorological Council for having bo 
kindly placed the whole of the material in the Meteorologieal Office at my 
digposfd for the preparation of this paper, and I would acknowledge the great 
assistance given to me by many Fellows of the Society and others who have 
so readily communicated their observations* 
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DISCUSSION. 

The President (Dr. G. Theodore Williams) said that Mr. Harding's coin« 
munication was full of interesting information. Concerning the reference which 
had been made to the destruction of trees on the Duke of Sutherland's property, 
he (Dr. Williams) had heard that on another Scottish estate, that belonging to 
Lora Strathmore, it was estimated that 100,000 trees, chiefly firs, were blown 
down. A peculiar feature in the destruction wrought was that the fallen trees 
were distributed in circular groups. 

Mr. F. J. Brodib said that an interesting feature in the history of the storm 
was the complete reversal that took place during its progress in the distribution 
of pressure oyer Western Europe. At the time the depression first advanced 
from the Atlantic the barometric readings were highest over Sweden and Den- 
mark, but on November 17th, when the centre moved north-eastwards across 
Ireland and Scotland, the high pressure system receded eastwards to Russia. It 
was DOW evident that in the rear of the disturbance a large anticyclone was 
advancing over the Atlantic, and on the night of the 17th, when this system 
reached our western coasts, the storm centre changed its course and movea in a 
south-south-easterly direction over the North Sea. The alteration in the course 
of the storm, though quite unexpected at the time, was fully explained in the 
light of subsequent events, and both in the earlier and later staees of its progress 
the depression obeyed the well-known law in accordance with which such systems 
ordlnanly move along to the left of the high pressure area existing at the time. 
Another feature In connection with the movements of this depression was that 
daring its progress down the eastern coast of Great Britain the barometer not 
only rose in its rear but also in its centre, the minimum readings being half-an- 
Incn higher on the morning of the 18th than they were on the previous morning. 
The remarkable way in which the wind rose at Deerness was noteworthy, the 
incnease being from 14 miles in one hour to 46 in the next, and then to 81 miles 
in tiie third hour. On August 20th, 1889, a similar but rather greater increase of 
wind force was recorded at Fleetwood, the velocity increasing from 7 miles to 
•58 miles in consecutive hours. 

Mr. H. N. Dickson said that he first experienced this storm when about 100 
miles north-east of the Shetland Isles, on board H.M.S. Jackal, and in cons6« 
qnence of the rough weather it became necessary to make for Lerwick Harbour 
which was reached at 7 a.m. on the 17th. The wind blew strongly from South- 
aooth-west idl day, but at 7 p.m. it fell to almost a calm. At 7.15 a Northerly gale 
burst over the harbour with the suddenness of an explosion, and by 8 p.m. it was 
blowing with hurricane force. The charts showed tne position of the centre of 
tho disturbance dn the evening of the 17th to have been north-east of Aberdeen, 
bat considering the suddenness with which the Northerly wind burst at Lerwick 
It aeemed probable that the centre was further north than Aberdeen, and 
nearer Lerwick than the Piloi Chart indicated. This storm afforded a good 
opportouity for study, as the abruptness with which the Northerly gale burst 
inaicated that the centre must have been very well defined. He thoa^nt thst a con- 
aideration of the extent and form of sea disturbance around depressions would be 
of interest, especially in connection with the storm discussed in Mr. Harding's 
paper, as he (Mr. Dickson) should have expected a cvclone of such intensity to have 
raised more sea before it In the case of what Mr. Harding called the '* pilot ** 
distnrbance on the 14th, the sea in the neighbourhood of the Shetlands was very 
considerable, but by the morning of the 15th it was quite calm. 

Mr. G. J. STMONa considered that in the interest of meteorological science it 
was fortunate that so skilled an observer as Mr. Dickson happened to be within 
the influence of the storm when it was in the neighbourhood of the Shetlands, as 
obeenrations from such a source and locality were very valuable. As corrobo* 
rating the wind records at Deerness, he had been told that at some place in the 
Orimeys the wind had torn the stack pipe from the wall of a house and blown 
it through the back door. He should much like to have had the opinion of Mr. 
W. H. Dines concerning the high velocities registered during this stomu Mr. 
Dines'a father (the late jMr. G. I)ines) always refused to believe in the accuracy 
4ii theae records of great yelocities, as firom his knowledge of buildings he was 
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confident that no structure could withstand such pressures as some anemometers 
indicated. 

Mr. W. Ellis said tliat meteorologists and sailors were well aware that in 
s^rmy or squally weather the wind will not untrequently change in direction 
from South-west or South-south-west to North-west, blowine then with increased 
force and accompanied usually by rain. There will generally be some decree of 
pressure before the change of direction with increased pressure at the time of 
change. On November 17th there occurred a very marked case of the kind. 
Previously to 5.48 p.m. the wind was South-south-west with no very sensible 
pressure, but at the time mentioned the direction suddenly changed to West- 
north west, with an instantaneous increase of pressure to 8 or 9 lbs. on the square 
foot, accompanied by rain, the remarkable thing being the extreme suddenness 
with which the pressure sprung up from an insignificant amount to that men* 
tioned. It was a very noteworthy case of the type of weather in question. The 
barometer had been falling, but at the instant of this change of wind it turned to 
rise, and continued generally to rise during the remainder of the gale : the 
change was, as usual, accompanied by sharp fall of temperature. [The various 
registers were exhibited to tne meeting.^ He took the opportunity to mention 
that during the last summer, by an additional gearing applied to the Osier ane- 
mometer at Grreenwich, a more rapid motion could at pleasure be given to the 
sheet, causing it to travel with twelve times the ordinary velocity, for use on the 
occasion of storms. By this spreading out of the register, the variations, both 
of direction and pressure of the wind, become apparent in a way that is not 
possible with the contracted register. [A record obtained with the extended 
scale was shown.] And it is further evident that a yet more extended register 
was desirable. 

Mr. R. U. Scott said that it was exceedingly interesting to notice how com- 
pletely Mr. Dickson's account of the sudden bursting of tlie Northerly gale at 
Lerwick corroborated the remark made by Mr. Spence, the observer at Deer- 
ness, who had stated that it was *^ like the shot of a gun." With reference to 
the question of the possible use of sea disturbance on our coasts as giving warn- 
ing of the advance of depressions, in 1869 a station was established at St Anne*8 
Head, Milford Haven. It had previously been maintained by residents in Pem- 
brokeshire that obseryations of sea disturbance there gave unerring indication of 
the approach of storms, but during the 24 years that the station has existed the 
observations of sea disturbance had never afforded warning of any storm there 
wjiich was not fully indicated by other observations. 

Dr. IL Barnes observed that storms of the character described in Mr. Harding's 
p^per served to equalise the character and temperature of the air over wide 
areas of country. During the gale on December 12th, he had caught some of the 
rain in clean glasses at his residence at Lyss, in Hampshire, about 15 miles 
dfstant from the sea ; and had found that the water collected contained a good 
proportion of sea salt. This ingredient, easily detected, was an indication of 
other properties carried in the wind from the sea. It was desirable to extend 
observations of tliis kind, illustrating the properties of the air, to more inland 
district?. 

}lu G. J. Symoms observed that the most remarkable case of the deposit of 
salt hj a strong wind at places inland occurred at Leeds, some years ago, most of 
the wmdows facing south-west having a saline incrustation upon them. 

Mr. H. Harries directed attention to the fact that this severe gale occurred 
within a few days of the anniversary of the great storm of 1703, a Targe amount 
of information about which he had in his possession — information which was not 
used by De Foe in describing that memorable hurricane. From a study of the 
data there is some ground for supposing that De Foe's storm occupied four daya 
in crossmg the Atlantic, while the one now discussed by Mr. Harding took seven 
days. Out on the ocean last month's storm area must have been a very extensive 
one, for the log of the Lucania shows the ship to be experiencing the North- 
easterly gale on the 13th and 14th, when the centre was distant about 900 milea. 
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ON. CHANaES IN THE CHARACTER OF CERTAIN MONTHS. " 
By albert E. WATSON,' B-A., F.B.Mct.Soc, F.R.A.S. 



[BeceWed September 13th— Head December 26£h, l8D3.j 

Tt has been said that '^ a 10 years* average would probably be within 5 
per cent, of the true tnean of a long series of years. "^ Consequently, wo are 
led ip expect that;, howevbr much the rainfall and moan temperature 6f any 
individual pionth may differ from year to year, ihe ^rariatiohs in one^direc- 
tioi^ .will, in a few years at the most, be met by variations in the other direc- 
tion ; the result being that in a short series of years, here given as 10;' these 
Tar»tions will almost cancel one another, and the mean will remain practi- 
cally unaltered. 

Now, if this rule could be depended on, it is evident that, by considering 
the character of any particular month in past yeard, v^ should have isome 
ground for forming a. judgment as to. the probable cbai^ter of that month' 
in ^ture years ;. e,g, .if we found that it had been ab^otmally wet or cold 
for several years in succession, we should know that, within a-^oiy short* 
time, it must necessarily become abnormally dry or hot, in order to restore 
the balance, or else that the average would be maintaiucd by* a longer series 
of npionths of -ati opposite hut less extreme character. ^ '- . 

But thongh,' in most cases^ this is wEat actually does happen, in soitie the 
average is -not by Any means maintained, so that after a tiihe'the naiiii'e'of 
a month becomes Completely changed, from* wet to dry, or from warm to cojd, 
withoat, apparentlj^, any vprospeel of a r^ttirn to its fr^tuer condition. ' ' 

To illustrate my meaning, le^t us take instanices from record?.. kept tat 
Croydon, Surrey, as to the reliability of which there can be no manner of 
doubt ' ... . . . . ^ • ■-:'.-:■' V^: ' V • > : ^ 

First, changes in Rainfall. "■ \ ^? -. -;^ 

Taking the reoords.forJannary in periods, of ^ yeArs'froin* 1806 tdl89(X, 
we ^nd the following values.:'^ . . -. 



• * 


Ina. 




Tnfl. 


r 


Ids. 


. -■ . 


tns. 


■ 


Ins. 


1866 


8-68 


1871 


2-87 


1876 


i-04 


1881 


Ml' 


isse 


8-19 


1867 


812 


1872 


5-54 


1877 


6-67 


1882 


1-20 


• 1887 


1-68 


^1868 


4-81 


1878 


4-08 


1878 


1-14 


1888 


1-91 


1888 


•82 


.1869 


2-91 


1874 


lit; 


1879 


2-61 


1884 


2-49 


1889 


116 


1870 ' 

« • 


1-48 


1875 


8-49 


1880 


^40 


1886 


1'94 


1890 


^•5S 


' A,TeTiage 


809 




8-48 


■ 


2-15 




V78 


•^ - 


1-87 



. Hence the rainfall for this month, so far from maintaining its average, has ; 
gppMhially ftllen off during these 25 yeare from' amean of 8*09 iHs: for tiiie^ 

i JCr*.^iaoDS, «i a m^is^ of t^ie.Infltttiltron 6f ^Sur^jr^ on tehrairy Xk^-Utfl^ 



first lostnim to a mean of 1*87 in. for the last ; or, more striking still, from 
a mean of 8-26 ins. for the first decade to a mean of 1*80 in. for the last 
January has in fact lost nearly 50 per cent, of its rain&ll, and instead of 
being, as it wsp from 1866 to 1875, by far the wettest month of the year, it 
has been, firom 1881 to 1890, ahnost, if not quite, the driest. 

December is another ease in point. 

Here the rainfidl records, arranged in the same way, are the following : — 





Idi. 




Int. 




Ini. 




Ina. 




iMk 


1866 


1-8S 


1871 


1-66 


1876 


7-48 


1881 


2-77 


1886 


429 


1867 


1-61 


187S 


4-88 


1877 


1-81 


1882 


1-96 


1887 


189 


1866 


4'50 


1878 


•86 


1878 


1-46 


1888 


•67 


1888 


1-45 


1869 


8-88 


1874 


1-80 


1879 


•98 


1884 


2-81 


1889 


184 


1870 


s-oa 


1875 


1-28 


1880 


801 


1886 


118 


1890 


•78 



ATeri«e 2-87 1*88 2-98 1-78 1-85 

Here the average for the whole series is exactly 2*25 ins., but the average 
for the last 2 histra is cmly 1*79 in., a decrease of 20 per cent, on the wholci 

For November the result it quite the reverse, the records being the 
following i**^ 





lu. 




Im. 




Ina. 




Ina. 




baa. 


1866 


1-48 


1871 


•66 


1876 


2-67 


1881 


8-64 


1886 


8'22 


1867 


•62 


1872 


8-60 


1877 


6-05 


1888 


818 


1887 


4-68 


1866 


116 


1878 


2-64 


1878 


8'77 


1888 


8-66 


1888 


8-91 


1869 


2-68 


1874 


2-59 


1879 


1-20 


1884 


1*46 


1889 


•88 


1870 


1-69 


1876 


816 


1880 


2-80 


1886 


271 


1880 


8>08 



Av«ra0S 1-58 2-47 800 2*70 2*94 

In this case the mean for the 25 years is just over 2*5 ins.; the mean for the 
first 10 b 2-00 ins., the mean for the last 15, 2*88 ins. Hence the mean 
nun&U for this month during the 15 years 1876 to 1890 was not only 14 
per OMit. greater than the mean for the whole period, 1866 to 1890, but 
actually 42 per cent, greater than the mean for the ten years 1866 to 1875. 

So also ip, May, the mean for the first 2 lustra, 1866 to 1875, was 1*58 in., 
but the mean for the last 8 lustra, 1876 to 1890, was 1«96 in. mdicating an 
increase of 28 per cent, on the mean of the first 10 years. 

Before leaving this sulgect, it may be interesting to notice how remarkably 
deficjfpt in rainfall recent Septembers have been. For this month, the aver- 
ages for the 4 lustra from 1866 to 1885 were practically the same, via. 
2*79 ins., 2-86 ins., 2*70 ins., and 2-82 ins. respectively, or 2*79 ins. fbr tha 
whole 90 years, of which not one had a rainfall of less than 1 inch. Now 
since 1885 the foil has been as follows :— 1886, 1*78 in. ; 1887, 2-40 ios. ; 
1886, r85 in. ; 1889, -98 in. ; 1890, -61 in, -, 1891, '68 in. ; 1892, 2^04 ina. 
These figures give a mean of 1-88 in. both for the fifth lustrum and also fbr the 
7 jevii of wIuoh4 in anceesrion had n tainfidli hitherto unrecorded in this 



nMmih at Oroydcm, of less than an inch, while the deerease from the above 
average is 58 per eent. 

The rainfiill reioms from 1867 to 1876 are taken from Ifr. O. Corden's 
book, Ths MeUorology of Croydon: |ho8e from 1877 to 1888 were kindly 
supplied by Utt. Baldwin Latham, {^Addiseombe, and the rest, excepting for 
1866, are from my own records at " The Whitgift Grammar Behooli" Oroy* 
don. And the points at which they were taken vary very dightly in height 
above yea-level, and are abont a mile apart from one another. For the) year 
1866 the rainfiedl is that measured at the Greenwich Observatory. 

Secondly, changes in Temperatnre. Taking the Oroydon records of the 
mean temperature of December from 1876 to 1890 we get the fbUowing 
values : — 



1876 


44-8 


1881 


89-4 


1886 


86-8 


1877 


89 


188S 


89'a 


1887 


87-6 


1878 


88-4 


1888 


89-6 


. 1888 


41>1 


1879 


82 


1884 


40-6 


1889 


87-7 


1880 


48-8 


1885 


86-4 


1880 


88-9 



Average 88*4 89*4 86-8 

The average for the 15 years is 88°«0 

Mow the mean temperature of De^mber at Greemrfch for the 60 years^ 
1814 to 1878, is given as 89^-9 ;^ consequently, if we may be allowed to 
compare the mean temperatures at Croydon with thai, — and, considering the 
nearness of the two places, this seems very reasonable,— the result shows a 
deerease in mean temperature of 1^*9.^ 

But the mean temperatures of January at Grofdoo for the same series oi 
jeKtn are the following : — 



1876 


87-8 


1881 


81-2 


1886 


8C-8 


1877 


42 


1882 


89-9 


1887 


861 


1878 


40-8 


1888 


406 


1888 


87-7 


1879 


82 


1884 


48-2 


1889 


871 


1880 


88-4 


1886 


86-9 


1890 


48-7 



Average 87*7 88-2 87*8 

The average for the 15 years is 87^*7. 

For Greenwich the mean temperature <^ January for the above named 60 
years is given as 87^*1, so that, instituting the same comparison as before, a 
rifle is hwe shown of 0°*6« But the remarkable part is, that without com- 
paring Croydon temperatures with Greenwich at all, the average mean 
temperatures of December and January for the 15 years 1876 to 1890 are 
almost the same. That is, December has now become as cold as January, 

1 Glaishcr, On 4h* Mian TempmUwt o/ Bmff Diqr, 1814 to 1871. 
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wb^reas, aoeording to- the Greenwidi reeordfl, there- tued to-be « d iflbf eujoir of 
practically ^ ! 

October is another monlfa that appears tb have becOTie moeh- eoKEer of 
raeent yeara. The mean- temperature of this: znontii is given in the Green- 
wich reeonto a8= 50^*1, bat the me«t ior the tiiree histra 1876 to I890 at 
Croydon ia only 49^*2; indicating- a mean annual decrease of ahnost a degree. 
Indeed, a mean temperature of 50^ was reached by October only 9 times in. 
these IS y^afs. • October 1892* was ^Sjao very cold, with a mean temperatnre 
ofonIy46M. • 

These facts seem to show that a. 10 years' average is not by any means 
affrays ifiiiiiltaiiied; bat that on the contrary the character ot particniar 
monthn may^change, as" time goes on, to a very marked extent For as we 
have shown, December has lost 20 per cent, and November gained 14 per 
cent, on the average rainfall of 25 years, while October is nei^y a degree 
colder thatk it ased to h^, and January, which was the wettest' and coldest 
month in the' 'year, YoA noV' become almost the driest, and no eblder than 
December, which month has lost'nearly 2P^in mean tempisratore. Are these 
changes local, or hav^ all the stations m the British Isles Been similarly 
aifeeted? 



i 



DISCUSSION. 

Mr. G.. J. Stmo^s 9aid that the q^aotation given at the commencemevit of the 
toaif>er did notqnite correctly reprei^ent the statement he made in an address to the 
Ingtitatioir of Purveyors in 1877, which referred to the annual rainfall vahies and 
not to the values) for individual numtfu^ Monthly aveniges of varioos seta of 
years differed tremendon^dy, but he had said nothing aboat them. 

MiVC. ffARDiNrO said tnat there were many facts of interest in Mr. Wat8oii*s 
paper, but too much importance had been given to observations which extendi 
over a, very short perk>d. It was hardly wise to ase sometimes Greenwioh ob- 
servations, sometimes Mr. Latham's observations, and sometimes observations 
made by the author himself. It would have been more satisfactory if Greenwich 
records alone had been used throughout, and these were available for a long 
series of yem. 

Mr. Baldwin Latham remarjced that the earlier observationa at Crovdon 
were not very reliable, the method of exposure of the instruments having been 
nnsatisfactory« Possibly some of the differences shown in the paper might be 
dae to that cause. 

Mr. II. SotTiiALL said that his experience in connection with Herefordshire 
observations had taught' him that an average of 5 or 10 years wbiild* not afford 
reliable results for monthly values, and even for yearlyamounts there were often 
great divergences between averages deduced from a short tcQn Of years. For 
instance the moan rainfall of one period of 12 years at Ross was 27 Ins., while 
the succeeding 12 years yielded an average of'32 ins. -' 

Mr. A. K. Watson, in reitlv, said that Mr. Symons' statement, as qnotfed in his 
(Mr. Watson's) " paper, had been, copied from a book, bnt he had at the ti^ie 
wondered whctfrcr Mr. Svmons was referring to artnual values merely. He had 
nsedtbe different sets of rain falL observations for Croydon^, because he-thoughl 
as the stations were in such, close proximity to each other that the results would 
be fairly comparable. The temperature observations used were supplied by Mr. 
Baldwin Latham, of Addiscombe. 

■ ■ ' ■ • • • • *. 

1 Tho wonlfl ivero " the rainfall of a ninRle year may be 33 per cent, either above or bdov tiie triM 
ATeraffe, a two yoara aTerui^o may be 16A per cent, above or bebw.and so on, the amiroxiiiiatiim 
deoroaninR lefdf rapidly, «e ihi^'fS tti^end ef ten ytari thoMtVcrageiHlPlD^obably ^ imiii 6per oentTS 
the true mean of a long scries of years," *^ ^^ ^ 
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RAINFALL AND EVAPORATION OBSERVATIONS AT THE BOMBAY 

WATER WORKS. 

Bt S. TOMLINSON, M.Inst.O.E., F.R.Met.Soo. 

(Abridged.) 



[Received May 29tb.— Bead December 20tb; 1893.] 

Bombay id situated in about 18°68'46" N. lat. and 72^48'66" E. long., 
ihede fig^^ ^vihglBe" exact situatio^TUf tibtaba Observato^^ The muni- 
cipal limits are the Island of Bombay, as it is now called ; bat great phrsi- 
eal changes have in recent times been bjrpught about by engineering woiks. 
On the east the Island is separated from the mainland by the Harbour, abjout 
6 miles wide : on the north it is, or rather was, separated from the lai(ger 
Island of Salsette by a narrow creek, but four embankments now carry |the 
two railways and two roads leading out to the mainland. In the Islanc^ of 
Salsette ariTSttuated the works which. np to March ISQ^^pplied the Isl^d 
of Bombay with water. In 1892 the Tansa^ Works were opened : thjese 
works comprise the Tansa Lake, about 60 mtles distant from the Town ^all 
at Bombay, and a duct bringing in water from Tansa tiOt\o to Boi^ay. ^he 
Tansa Lake is on the mainland of India, and is situated in tme of this valleys 
leading out from the Western GhaWwhwh Irah^bn^he'naainlanir north ^d 
south about 40 miles eastwards from^Bombay, and rise opposite to Bomba)^ to 
over 8,000 feet above sea level. "^"^ . ^ ■ 

The climatology of Bombay has be6n the subject ot^ large and complete 
work by Mr- Charles Chambers, F.R.S., Director of thB^XJovernnipnt Obfijer- 
vaiory, Colaba, a copy of which work is in the Society's Lit^SPy, ' 

The accomj)anying wind chart, reproduced by. kiALd.^pm3mssion.from. Ifr. 
Baldwin Latham's Sanitation of Bombay^ and Table I., show the prevailing 
winds ; and as the changes from year to year are comparatively small, the 
representation is sufficiently accurate for general purposes. .-Tha.fuE lino 
represents the frequency of the wind, and the dotted line the proportional 
velocity. 

Konghly speaking, the winds are from the sea (South to North-west) from 
March to October ; and from the land from November to February, and 
they bring heavy rain in the months of June, July, August, and September, 
with the probability of some rain in May and October ; and there is a possi- 
bility of showers in the remaining months. 

As no observations on Relative Humidity have been taken at the water 
works. Table II. is inserted with the kind permission and assistance of Mr. 
Chambers. 

Table HI. gives the rainfall registered at Colaba Observatory from 1848 
ipl892. 
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Th« Oolaba Obswvatoiy is sitnated on the low ridge of lud fomung ttw 
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old Iflluid of Coloba, now joined to the Island of Bombay. It is only 1 28 
feet above Town Hall D&tnm. This Datom is 100 feet below a certain step 
on Uw Town Hall, and this step may be taken as an average rongh memory 
level for the central part of the Island of Bombay, the basalt ridges on the 
east and west sides of the Island culminating at aboat 260 feet above Town Hall 
Datnm on the west (Malabar HOI Beesrvoir), and 240 Caet above Town Hall 
Datom on ' the east (Cliff over Bhandarwada Beservoir). The mean sea-level 
is 80-16 feet Town Hall Datom. 





OouBA OssBBVAroBT roB xe 


■ Putt r«*BS, 1843-1891. 






i 






8 






1 


Team. 


Boin&lL 


n 


Teara. 


fiunfall. 


-sii 


Yeaw. 


BainfalL 


^1 


















■5 












1 




Ing. 






Ina. 






Ids. 




"843 


5514 


76 


1860 


6i-i5 


86 


1877 


69-89 


97 


.S44 


6171 


87 


1861 


Tfi.gi 


107 


.878 


111-93 


155 


lS4S 


54-Ii 


73 




73-63 




1879 




85 


1846 


7393 




1863 


77-68 


108 


1880 


67-94 


94 


1847 


76-00 


105 


.864 


45' 57 


63 




73-04 




1S4S 


73-86 


105 


.865 


77-85 


io3 


1BS2 


69-23 


96 


"845 


.14-89 


"59 




78-44 


109 


1883 


90-. 8 


125 


J850 


50-25 


69 


■'b67 


62'3o 


86 


1884 


75-44 


105 


1851 


96-07 


'33 


1868 


62-.2 


86 


.885 


67-91 


94 


iSii 


69-27 


g6 


.869 


91-66 


127 


1886 


99-74 


138 


I8S3 


6260 


87 


1B70 


66-21 


gi 


.887 


94"95 


131 


'854 


82-.4 


"4 


.87. 


4058 


56 


1888 


57-82 


80 


»855 


4I-.8 


57 


1872 


76-48 


106 


1889 




94 


1856 


65-92 


91 


1873 


69-70 


97 


1890 


63-?8 


90 


t8s7 


51-27 


7' 


1874 


82' 18 


114 


.391 


77- >8 


107 


I8s8 


6145 


87 


1H75 


83-09 


"5 


1892 


95-12 


132 


.8S9 


77-16 


107 


.8,5 


5004 


69 









Aveiae' Baintall for the 50 jeara, 71-84 in*. 

Tbe obiervaUons at Colaba are qoite independent of the Water Works, and 
are inserted as a complement to the observations on the Water Works with a 
view to making a stody of the latter more OBeful and complete. 

Rainfall. 

V^tar Ldkt Obitrvatioiu. The Tehar Lake was built inmiediately preced- 
ing and during the [leriod of tbe Indian Matiny (1856-59), and water was 
first supplied to the Gi^ of Bombay in 1860. There is a rainfall record 
from 1861, reoolts of which are given in Table IV. 

There are 4 rain gauges, viz. : — A is sitnated near tbe top of tbe slope of 
Ute mun embankment, in a completely exposed situation, the funnel of the 
gangffl being 8ft. 4inB. above the pitching of the embankment, and about 
7 ft. above the top of the embankment. B is situated on the eostorn side 
of the' lake, about 60 feet distant from the top water line ; the eito ia clear, 
Bk^ing upwards to the sonth-eaet. The funnel of the gauge ia 8 ftiet above 
the ground. C is situated to the north-east of the lake on a clear site, 
■boat 40 faet distant from the top water line of the lake. The fonnol o£ 
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the gauge ie aboat 10 ft. 6 ins. above the ground lerfil. ] 
the western side of the lake at the top water line. The fonnal of the gauge 
ia 10 ft. 1 in. above the groiuid. The expoanre is slightly intarfared with at 
present by trees, and the gauge will be mOTed a few feet bo aa to be qiute 
free from the interferenoe of the trees. 
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Average Buntall for 33 7«an, S3-90 ins. 

The water collected in each of the gai^es ia removed at 6 a.m. by a 
native watchman, poured into a separate bottle, and carried to the inspector, 
who measares the ({aaDtity in the mcasnring glass. The i quantities are 
added together and then divided by 4, tho quantity entered for the day being 
therefore the average of i gangings in different parts of the lake, and the 
yearly total given ia the total of anch daily averages.' 80 far aa the Author 
has been able to ascertain, the reading at 6 a.m. has always been entered 
as the reading for the date attached to that day, instead of for the date of 
the preceding day. 

TuUi Lake Observation!, A similar system has been observed at Tulai 
Lake, but the works there are more recent, and the record dates ooly from 
1880 (Table V.). Gangings were taken previous to that, bnt the record of 
them appears to have been lost. There are 3 gauges at Tulsi, E, F, G. 

E is situated on the western side of the lake, aboat SO feet from the water 
edge and 16 feet above it. Trees interfere with the exposure of the gauge, 
although not actnally overhanging it. The gauge ia 6 ft. 6 ina. above the 
ground. F is situated on the main emb&nkment.and ia freely ezposed,the funnel 
is 6 ft. above tho surfaoe of the ground. The funnel of the gauge is at about 
468 ft. above Town Hall Datum. Q ie situated near the Bui^alow, at an 
elevation of about 640 ft- above Town HaU Datum. It is near (be summit 
of tho hill, which rises rapidly from the water level and is freely exposed to 
the west and south. The funnel of the gauge ia E ft. 4 ina. above the ground. 
All the gai^oe, A,B, C.D ,E, F, and O, are bottle gauges, with funnels H ins, 
diameter. Alongside of each ia a Croaaley's aelf-reoording gauge, but as the 
readings of the latter are always less than those of the botUe gaogea, they are 
not taken into the totaJa. 



1 In tbe gaogw reoentl; establiabed hf the Author In the adjomlng Pawai Vallsf 
le readings ol each gauge are teparatelj reeordtd. 
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TABLE V.-^Bainfall at Tulsi Laxb 1881-92. 

Level of Waste Weir, as raised 1885. . . . 456-50 ft. above T. H. Datnm. 
y, Lowest Inlet to Tower... .....399*36 



ft 



Tears. 


Bainfall. 

Ins. 
84*26 
74*22 
109*46 


Years. 


Bainfall. 


Tears. 


Bainfall. 


Tears. 


Bainfall 




z88i 
Z882 
1883 


Z884 
1885 
1886 


Ins. 

94-84 

82*57 

108*42 


1887 
1888 
1889 


Ins. 
95-86 
89*08 
92*91 


1890 
1891 
1892 


Ins. 
116*09 

99*47 
144-15 



Average Bainfall for the 12 years 99*28 ins. 

Pawai Lake Observations, The 2 gauges in the Pawai Valley were only 
established in 1890. They are bottle gauges 6 ins. in diameter. 
The funnels are placed 1 foot above the level of the ground. The Pawai 
gauge is near the village of Pawai, on a small island in the lake, at about 198 
feet above Town Hall Datum ; and the Goper Valley gauge is near the engme 
house on a clear site, at a level about 168 feet above Town Hall Datum. 

Bainfall at Pawai Lake 1890-92. 
Ins. Ins. Ins. 

1890 98*88 1891 89-20 1892 122-27 

Tansa Lake Observations, These observations date from 1886. The rain 
gauge is fixed on the ridge of the hill into which the southern end of the dam 
is tied. The site is clear, declining to north and south. The funnel of the 
gauge is 2 ft. llins. above the level of the ground ; it is protected by plank 
fence, at 8 ft. distance, 2 ft. in height. The gauge is 6 ins. diameter. The 
level of the funnel above Town Hall Datum is 428-76 ft. 



1887 
1888 



Bainfall at Tansa Lake 1890-92. 

Ins. Ins. Ins. 

106-49 1889 91*44 1891 80*66 

86-81 1890 99-47 1892 109*40 



Evaporation. 

The Malabar HiU Reservoir is roofed over. The evaporation taking place 
from a wooden box, 10 ins. square, 18 ins. deep, placed under the roof, but 
not in the water, was in May 1888 one-twelfth of an inch per day. 

At Bhandarwada Reservoir the only observations made up to the present 
were in May and June 1891, in connection with the testing of the uncovered 
filters for leakage after repairs. Filter No. 6 is inmiediatcly adjoining the ver- 
tical cliff on the east, which was formed by blasting away the rock so that the 
Beservoir works should bo upon the uniform lovol of 190 ft. above T.H.D. top 
water level. The boxes employed were of tinned plate, as used fur koro8ino 
oil, and each was tested for water tightness before being put into the filter 
basin ; one wooden box was used in one filter alongside the tinned box. The 
details of the observations (in this case made by the Author) are given iu 
Table VI. 

The Cushions Nob. 1 and 2, from which it will be observed the evaporation 
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was less tham from any of the boxes, are not freely exposed to the north, 
being 8 ft. 6 ins. below the coping of the wall and thereby shielded from the 
prevailing wind at the time the observations were taken. As remarked abovoi 
No. 6 is probably greater on account of the proximity of heated rock. 

The results are important only as indicating what is the nrntTimnm evapo- 
ration from comparatively small sheets of water daring the hottest part of 
the year ; and as illustrating the difficulty of obtaining reliable results frt>m 
small boxes accessible to birds. The filters are visited by considerable 
numbers, and the boxes attract special attention. It will be noticed that 
the loss from the basins 1, 2, and 4 (and 5 for part of the period) was less 
than that from the evaporating boxes, even supposing the basins to be abso- 
lutely watertight. 

TABLE VI.— Evaporation raoM the Bhandabwada Filters. (Each FiLXxa is 

200 PERT long BT 80 PEET BROAD.) 



Period. 


Filter. 


Evapora- 
tion. 


Total Evaporation for May 1891, based on obseryatioos from 

FUterNo. i, 5th to i6th 

Filter No. 2. nth to i6th 


Ins. 

10-54 
11*10 

1094 
773 

8-20 

1332 

1074 

II 46 
14-13 


Ins. 

13*21 

13-83 
1 1278 wood. 

i 13-67 tin. 

. « 

9-00 wood. 
12-41 
12-47 


1 „ No. 4, 22nd to I Bt Jane 

Evaporation for June — 
Cashion Filter No. i, ist to 17th 


•> No. 2 «> .. ..•.■••.•....«..••.■.••• 


Filter No. ^ .. ., 


No. 4. .. •• 


»• vr ^ * ' 

WO. *I .. .« •..•■...■■....••..••.... 


•t No. 6 „ „ 



Mint Tank, In September and October 1887 some observations were 
made of the loss from the tank attached to the Mint in Bombay, which is 
258 ft. diameter and fully exposed. The experiments were not conclusive, 
but, so far as they can be used, indicate an evaporation of over one quarter 
of an inch per day. The Author does not consider that the observations 
should be seriously considered, as the temperature of the water in this tank 
was above that of the air, the water being used for condensing purposes. A 
further objection is that the water level at the time of the observations was 
about 10 feet below the coping of the wall, and the air circulation was thereby 
interfered with, as well as the exposure to the sun. 

Vehar Lake. Top water level 268-5 ft. above T.H.D. 

The observations of evaporation were commenced at Vehar on November 
8th, 1890. The box used is of wood, painted ; 10 ins. square, 18 ins. deep. 
At the commencement of each month the water is filled up to a depth of 
14 ins., and the observations are made daily. Two boxes are now maintained. 
In one the water level is started at the beginning of the month 1| ins. above 
the water in the lake ; and in the other 1^ ins. below. This plan is adopted 
as a check against leakage. The boxes are placed at a short distance from 
the shore, where they can be stayed, and are believed to be free of gain or 
loss from wave splashing. 

TuUi Lake. Top water level 456-50 ft. above T.H.D. 

The observations were commenced on January 1st, 1891. During 1891, 
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and ap to November 1892, there wmi only one box in wliieli the water was 
kept about li ins. above that of the water in the lake. The box is similar 
to those at Yehar. In ^M>vember 1892 the pontioo of the boxee was altered, 
as the former position was expoeed and {^slashing iock phM. The readings, 
which by this wind acticm have been rendered rather doabtM, are indicated 
by a? 

Pawai TMke. Top water level 190 ft. above T.HJ). 

The observations were eommeneed on Janoary Isi, 1891, but as the lake 
was run off lator in the vear, the record is broken. 

Dirt>ct observations of the evaporation from the Yehar and Tolsi lakes are 
not practicable, because the quantity dravn off and the area of the water 
Hurfaco at different leveb are not known with sufficient accuracy to place 
calculated results lievond doubt. 

Tatuta Lak^. No direct observations of evaporation have been made, but 
during construction, water was storod to increasing depths after each season's 
work, and the levels of the water cm the 1st of each month in 1890, 1891, 
and up to 1892, are given in TaUe YIL (p. 69). 

KvafMtuitum durirnj thf Mon»o t. No opportonity has oecnrredfor deter- 
mining tlio ovapi^ration from large areas of water during the Monsoon. 
Hucli figures, however, as have been obtained tend to show that evi^- 
ruiion in the Mouhihui proceeds at a much greater rate than is generally 
HuppoHod. The rain gauges, being at an elevaticm of several feet above the 
ground, prolmbly rt>gisU>r less than if placed on the water level, the same as 
till) evaporation boxes. The figures show that the evaporation boxes have 
ahuoHt invariably indicated evaporation evoi on days when rain fell. Fur- 
ther oxperienoo may help to fix the quantity. The figures confirm those 
givt^n in ]U\ardmore*8 i/yf/n>/«^ ; and probably ordinary evaporation boxes 
would bo comparatively free from error, due to birds drinking during the 
MouHOon, Wauso tliey may drink ahnost anywhere and at anytime. 

TAIIliK VIII. ArrkoxiiiATi Mt^TiiLT ATiftAOB Etafo&atior w tmohu wmcH miobt 
UN Mxrie(TKi> rHou HvnrAOts or watvr ni thx iruaHBouEHooD of Bombay. 



Month. 




•''"»"*ry 

I'ul*! nary 

Mnri'h 

Anril 

Mny ; , . 

Juno 

July ; ; . . ; 

Auguii ,, 

Haptembar , , . 

Ootobar ..,.,,,,, ^.q 

November , J.^ 

Daoamber ; ^.^^ 




Tear 



1. «5J._ 760 



62'5 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 



November 15th, 1893. 

Ordinary Meeting, 
0. Thbodore WilliamSi M.A., M.D., President, in the Chair. 

Archibald Wilson Andebson, Chief Weather Bureau, Brisbane ; 
Shelford Bidwell,M.A., LL.B., F.B.S., Biverstone Lodge, Southfields, S.W. ; 
BioHABD Baxter Booth, LD.S., 9 Market Square, Crewe ; 
John Mitchell Bruce, M.D., F.B.C.P., 70 Harley Street, W ; 
BoBBRT Henrtson Caird, Southbroom House, Devizes ; 
John Hbnrt Chaloker Chute, Ballinasloe, Co. Galway ; 
Francis Druce, Upper (fatten, Merstham ; 
Rev. Francis Harvie, Fowler, M.A., Bamwood, Gloucester ; 
Edward Leader Hanna, Bockhampton, Queensland ; 
George Henry EEill, M.List.C.E., 8 Victoria Street, S.W. ; 
Walter Cunningham Hume, Gx)vemment Lands Office, Brisbane ; 
Charles John Leebon, Croydon, North Queensland ; 
John Michael Nicholls, L.B.C.P., St. Ives, Cornwall ; 
Henrt Franklin Parsons, M.D., 4 Park Hill Bise, Croydon ; 
George Victor Perez, M.B., M.B.C.S., Puerto Orotava, Teneriffe ; 
John Barwise Scurfield, Mitchell, Queensland ; 
Sahuel SnvNAMON, Junction Creek, Nortii Queensland ; 
Francis Drummond Greville Stanley, F.B.I.B.A., Brisbane ; 
Dbrwent Hutton Byder Waldron, M.B., CM., Accra, Gold Coast ; 
John George Waller, 118 Powis Street, Woolwich ; and 
James George Wood, M.A., LL.B., F.G.S., 115, Sutherland Avenue, W., 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read: — 

"The Great Drought of 1898 and its Attendant Meteorological 
Phenomena.** By Frederick J. Brodie, F.B.Met.Soc. (p. 1.) 

"Thunder and Hailstorms oyer England and the South of Scotland, 
July 8th, 1898. By William Marriott, F.B.Met.Soc. (p. 31.) 



December 20th, 1893. 

Ordinary Meeting, 

C. Theodore Williams, M.A., M.D., President, in the Chair, 

Bobbbt Ellis Lobd, M.D., B.Sc, M.B.C.S., Abergele Bead, Colwyn Bay ; and 
Capt. Geobge p. Scott, 41 Hartington Bead, Liverpool, 
were balloted for and duly elected Fellows of the Society. 

Mr. J. S. Harding and Mr. A. E. Watson were appointed Auditors of the 
Society's Aooounts. 

The following Papers were read ;— * 
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" The Great Storm of November 16th-20th, 1898.** By Charles Hardimo, 

F.B.Met.Soo. (p. 48.) 

" On Changes in the Character of Certain Months.** By A. E. Watson, 
B.A., F.R.Met.Soc. (p. 69.) 

'* Rainfall and Evaporation Observations at the Bombay Waterworks.*' 
By S. ToMLiNSON, M.Iiist.C.E., F.B.Met.Soo. (p. 68.) 



CORRESPONDENCE AND NOTES. 

Comparison of the Readings of t¥ro sets of Maximum and Minimnin 
Thermometers in a StoTenson Screen.— Mr. J. Lovel, of Driffield, writes:— 

" Having had in my possession since 1890 two pairs of maximum and minimum 
thermometers by di£^rent makers, mounted in the same screen, a new pattern 
Stevenson, I thought it might be useful if I compared their readings for a period 
when all the instruments were read and set at 9 a.m., the Climatologicaf plan, 
and also when one pair was read and set at 9 a.m. and the other read and set at 
9 p.m., the Second Order plan. This has now been done during the past year 
lo93, and the results are interesting. 

From May 1890 to the end of December 1892, both pairs of thermometers were 
read and set at 9 a.m., and although the maximum is a Standard instrument by 
Casella, with Kew certificate, I found it necessary to applv a correction of l^'O 
to bring it into accordance with the other maximum by Negretti and Zambra. 
When this was done, the instruments were practically identical in their readings 
with an average difference per month of only 0°'003 in 1892. 

The minimum thermometer readings were also fairly regular, an average differ- 
ence of only 0°*006 per month was obtained, although one of tiiem is regarded as 
an extra sensitive instrument, being a Casella*s LiuK pattern (no index errors). 

When the instruments had been sufficiently brought into agreement with each 
other, at the beginning of 1893, one pair was read and set as usual at 9 a.m. and 
the other pair read and set at 9 p.m. As a final result of the experiment in the 
twelve months of 1893, it was found that the maximum when read at 9 p.m. 
averaged 0°'194 per month lower than when read and set at 9 a.m. ; and that the 
minimum also averaged 0°*309 lower. A somewhat similar result is shown, 
though in a smaller degree, in a paper by Mr. Ellis in the Quarterly Jowmat^ 
Vol. XVI. p. 213 ; the Second Order average maximum there given being 0°*06 
below the Ulimatological average maximum, and the Second Order average mini- 
mum 0°'08 below the Climatological average minimum on the three and four years* 
averages respectively. Taking the individual years, the differences are — 0^*06. 

— 0°-04 and— 0°-10 for the maximum temperature, and — 0°-26, +0°-06 and 

— 0°'ll for the minimum in the years 1886, 1887, and 1888, showing on the 
whole a decided tendency of the Climatological method of recording temperature 
to give a slightly higher reading than the Second Order system. 

Perhaps a further series of observations mieht modify the results, but the 
indications, so far as present observations go, clearly point to a dight lowering 
of the mean annual temperature from stations of the Second Order when com- 
pared with those on the Climatological plan.** 

Hailstorm in Linoolnshire, Angnst 22nd, 1893.— On this date a remarkable 

storm of rain and ice occurred between 4 and 4.30 p.m. over a small district on 
the Lincolnshire Wolds bounded on the south by Fotherby, South Elkington, 
Welton, Biscathorpe, and Hainton, and on the north by Ludford, Kelstem, North 
Ormsby, and Utterby. In this space of about lU miles east to west, and 2 to 3 
miles north to south, much damage was done to com crops, gardens, and glass. 
A party driving barely escaped an upset, as the horse was paralysed by the force 
of the storm. Their dog was killed on the road, and many chickens were beaten 
to death in the farmyards. At Hainton Hall gardens the ice was gathered n^ 



oOBBiaFONDaiiaK im> Nons, 78 

by the burow load, piecei in some parts remaining anmelted until next morning. 

The Rev. J. M. Coatea m&do the accompaaying sketches) of aome of the stooea 
which feU at Welton-le-Wold at 4.30 p.m. 

Fig. I weighed 90 grains 15 minatea after it fell. 

Fig. 2 was drawn 42 minutes after it fell. 

Kg. i measured 2A ins. in length 50 minutes after it fell. 

la Figs. 1, 3, and 4 the projections were all roughly in one plane. In fig. 2 
the projectiaiu eitauded from all sides. 





Hail Stone* (aotual eizt) whioh tell at Welton-Ie-Wold, UnooInBhlre, August 22nd, 

1893. 
The largest stones remaining on the grass lawn were not quite melted away 
after two noun. The temperature of the air was probably about 70° at 4.30 p.m. 
There was no appearance of crystalline structure in any of the hailstones 
examined, but rather of sgKrBgatton of globular stones of small size in the pro- 
jections as well as in the globnlar nuclei. 

Thnndentorm FhenomeiUL — Mr. H. Bedford, of Newton Abbot, Devon, 
writes under date of December 12th, 1893 : " We were visited this morning 
by a curious thnnderstorm. The first thing I heard was a httim/f noise, then a 
lond report like a cannon. This was repeated three times, Snishmg off with a 
long loud report. Tlie whole phenomena appeared to be one obstructed clap of 
thunder. It was followed by great stillness for about five minutes, then by a 
moat vivid flash of lightning and ordinary thunder. There was hail, rain, and 
gnits of wind. This momiag is the most wretched looking I ever witnessed, I 
noticed on Thursday last, I think, a report in one of our local psners that a ball 
resembling a small moon had been seen in the north direction, aescending par- 
pendicalany^ and exploding with falling sparks, and i * " " ' 

myatuions Lght the same ni^bt ic "• "• " 



Q the sonth." 



Qaftvy Bkin tt Nio^— Mrs, Stnr^ writes that she and Dr. Btorge arrived at 
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Nice on September 30th, 1893, in such a delage of rain as haa not been known 
for years. It was calculated that at least 8 ins. fell in the 24 hours ending 
9.80 a.m. on October let ; 7^ ins. were measured, and a considerable qaantity 
had oveiflowed the rain eance. Nice Midicai gires for September 30th 
194'4mm.s=:7*655 ini. from the Avenue des Fleurs (St Philippe). On the same 
day the observatoire gave 88*4 mm., the Ecole Normale 157 mm., and the 
Station Agronomique 178*2 mm. [Ed.] 

Heteorolo^oal Nomenclature.— Prof. Cleveland Abbe, in the Monthly 
Weather Review for August 1893, remarks on the great diversity in the usage of 
meteorological terms by the daibr press and meteorological observers, and states 
that in the Weather Revmo the tollowing usages will be adhered to : — 

The terms ^* high *' and '* low ** will refer to areas in which barometric pressure 
is decidedly above or below that of the surrounding country, without reference 
to any normal values and without implying any specific peculiarity as to winds 
or weather. 

The word ^* storm'* will refer to a disturbance of the ordinary average con- 
ditions or to unusual phenomena, and unless specifically qualified may include 
any or all meteorological disturbances, such as wind, rain, snow, haU, thunder, 
etc. This word may be qualified by some peculiarity, i,e. sandstorm or duststorm 
(such as the ** simoon**), hot wind Tsucn as the "khamsin," or ''fohn,*' or 
*< Chinook '*), cold windstorm (such as tne " norther '* and the " pamperos **), cold 
rainstorm and snowstorm (such as the '* blizzard '*). 

A " hurricane '* or " typhoon ** is a large stormy area, often several hundred 
miles in diameter, within which violent winds circulate around a centre. The 
centre of a hurricane or typhoon is a comparatively calm region, where even the 
clouds break away and the rain ceases, whereas the centre of a thunderstorm is 
the region of greatest intensity of wind, rain, or lightning. 

A " tornado '* is a very much smaller re^on, usually less than two miles in 
diameter, within which even more violent wind prevails. In the typical tornado 
these violent winds circulate about a central axis, rapidly ascending at the same 
time and forming a funnel- shaped cloud whose base is at the average cloud 
level ; but many destructive winas have been classed as tornadoes which are not 
circulating about such a funnel-shaped cloud or vertical axis, but which are 
either blowing straight ahead on the earth*8 surface, as in the '* Derecho ** or 
straight line wind, or which have a quasi-rotation around a horizontal axis, as in 
the blast that accompanies the front of a " norther ** or the gust in front of the 
heavy rain of a thunderstorm. We shall endeavour^ as far as possible, to separ- 
ate the true tornado, which is rare, from the numerous destructive winds, saualls, 
and gusts which are popularly called tornadoes, hurricanes, cyclones, tonrbillons, 
and other high sounding names. 

The term " whirlwind *' is applied to any revolving mass of air, and includes 
at one extreme the hurricane, and at the other extreme the dust whirl of our 
street comers. 

A " cyclone** is a mass of air circulating around a centre ; the lower portion 
of the air near the earth's surface has a vorticose movement in towards a centre, 
while the upper layers have a movement out firom a centre ; the line joining the 
upper and lower centres is the axis of the cyclone ; the direction of rotation is 
the same in both upper and lower layers. In the Northern Hemisphere this 
rotation is said to be in a negative direction, or opposite to the diurnal motion of 
the sun in asimuth, and opposite to the movement of the hands of a watcli lying 
with its face uppermost 

An *' anticyclone " is a mass of air also circulating around a centre, but the 
lower layer of air has a movement out from a centre and the direction of rotation 
is opposite to that of a cyclone, being positive in the Northern Hemisphere. 

The terms <* cyclone " and " anticyclone *' do not describe phenomena that can 
be observed by one observer or at a single station, they should, therefore, not be 
used in the description of local phenomena ; they represent generalisations based 
upon the charting and study of winds and clouds observed at many stations, and 
should only be used when the nature of the rotation of the winds has been 
clearly demonstrated or can be safely inferred. 

The terms " cyclonic winds," " cyclonic system,*' and " cyclonic rotation " are 
equivalent to '^ cyclone." The outer portion of a cyclone generally has feeble 
winds and fair weather ; liierefore a hurricane, tornado, or whirlwind is only a 
small part of a cyclone. 
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RAJwIkll of India.— This is the title of a thick folio yolame issued by the 
Meteorological Department of the Government of India. Frevions to the/year 
1890 there were large differences in the hoar of measuring rainfall, in the form 
of rain gauge used, and in Uie methods of registering rainfall in the different 
prorinces of India. The want of uniformity in the methods of registering rain- 
fall was due to tiie fact that the establishment of rain gauge stations and the 
collection of the data were commenced many years ago by the] Revenue Depart- 
ments of the various local Governments. Each Gk)vernment naturally established 
the system which was thought at the time best suited to local conditions and 
requirements. The disadvantages became more and more evident from year to 
year, and at length the Government of India in 1890, after a careful considera- 
tion of the question, ordered the following changes to be made in order to secure 
the uniformity of system that appeared to be desirable : — 

1. That a common hour for rainfall registration, viz. 8 a.m., and a common 
rainfall week, ending on Saturday 8 a.m., should be adopted throughout the whole 
of India. 

2. That all rain gauges should be systematically inspected, and that copies of 
all inspection reports by local officers should be sent to the Meteorological 
Reporter to the G<)vemment of India for his information, and in order that he may 
make, when desirable, suggestions for the improvement of any rain gauge station 
at which the arrangements are not satisfactory. 

3. That 6 inch Symons' rain gauges, tested by the Meteorological Depart- 
ment, should be the only description of gau^e used. 

4. That monthly returns of rainfall should be published by each local Govern- 
ment, of which copies shall be bound together and issued as an annual volume 
by the Imperial Meteorological Department. 

5. That the Imperial Meteorological Department should adopt a fixed division 
of the year into four periods, corresponding with the periods of general rainfall 
tbrongnout the year in India, for purposes of comparison. 

6. That for the purpose of calculating the number of rainy days a fall of one 
tenth of an inch ana upwards should be taken to denote a rainy day. 

These changes came into operation January 1st, 1891, ana the volumes for 
1891 and 1892 have now been published. 

Daily Weather Charts of the Indian Konaoen Area.— The Government of 

India has sanctioned the publication for a period of two years of Daily Weather 
Reports and Charts of the Indian Monsoon Area with a view to elucidate, if pos- 
sibie^ the relations l>etween the larger meteorological changes in the Indian land 
area and the adjacent sea areas, and more especially the conditions preceding the 
generation of cyclonic storms and the conditions determining the larger advances 
of South-west Monsoon winds in the Indian seas, and the variations in the 
strength of the Monsoon currents so far as they are dependent upon conditions 
in the sea areas. 

All ships that enter the ports of Bombay and Calcutta are visited by clerks of 
the Bombay and Calcutta Meteorological Offices in order to make extracts of the 
meteorological information in the logs of the vessels, when permitted by the 
ship's masters. Thev also, when allowed, make comparisons of the ships' 
barometers with portable secondary standards. This information is regularly 
collected and tabulated, and is the basis of the data given in the Daily Weather 
Reports and Charts of the Indian Monsoon Area which have been prepared and 
issued by the Simla Meteorological Office since January 1st. 1893. 

These duly weather reports may to some extent be considered as supplemen- 
tary to the India Daily Weather Reports published by that office. 

Oliinate of ][a8]lonaland.^Mr. R. M. W. Shaw, a member of the Archaeo- 
logical Exploration Party of Central Africa, in a paper, read before the Philo- 
sophical Society of Glasgow, on the " Geography of Mashonaland," says:— The 
meteorology of the high plateau is interesting and extraordinary. Over the dry 
Kalahari Desert we experienced many electric storms ; in fact almost every evening 
there were brilliant displays of summer lightning. At Zimbabwe 1 took contin- 
uous readings of the dry and wet bulb thermometers and of the barometer for the 
Uro months of June and July, and these give us a fair idea of the climate at that 
time. During the first week we had South-easterly winds, a high barometer, and 
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rain and mists. The wind then fell, and the barometer with it, and we had three 
weeks of fine calm weather. The barometer reached its minimum on June 27th, 
and at the same time the difference of the readings of the dry and wet bulb 
thermometers was at its maximum — ^that is to say, the air was driest with a 
low barometer. The ekj was then clear with liffht North winds, which were 
evidently local in origin, and the temperature at mght fell below freezing point, 
so that m the morning we saw a light deposit of hoar frost. Immediate^ after 
this the barometer began to rise, there were light Soath-easterly winda, the 
atmosphere became moister, and on July 4th the Southeasterly winds had 
increased considerably in strength, and some rain felL From this time mitil 
August 2nd the barometer slowly rose and fell, its range being limited to three- 
tenths of an inch, and whenerer the South-easterly winoB blew at all strongly the 
barometer rose, and we had mist and rain. 

At first sight it seems surprising that we should hare windy wet weather with 
a high barometer, but we must remember that the only windls which can bring 
rain to Zimbabwe, at least in winter, are the South-easterly winds, and these, like 
all winds blowing towards the Equator, increase tiie atmospneric pressure, 
Zimbabwe is situated on the edge of a plateau about 3,400 feet above sea-leveL 
The country breaks down graducalv towards the south and east, and more rapidly 
towards the west ; while towards the north it rises eently until, after about lOO 
miles, it attains an altitude of 5,000 feet. The West winds, if they do blow, 
have to traverse the continent and high country, about the sources of the 
Limpopo, before they reach Zimbabwe, and the Northerly winds woold tend to 
increase in temperature after falling from the high countiy towards the north ; 
so that neither of these winds will deposit moisture at Zimbabwe under ordinary 
circumstances. The predominant winds in this latitude are the South-easterly 
Trades, and tiiey, carrying their moisture from the Indian Ocean, are forced to 
rise as they pass over this countiy, and they consequently expand and are lowered 
in temperature, and so deposit much of their moisture on this edge of the high 
plateau. A similar winter climate seems to prevail in most parts of Mashonaland, 
the edges of the plateau receiving most of the moisture. Manica is situated 
much nearer the sea than Zimbabwe, and the countiT there falls much more 
rapidly towards the east, and consequently the rainfall there is heavier. Fort 
Salisbury is better situated for a dry winter, for it is in the middle of a high 
plateau, and the South-easterhr wiaOB will have parted with most of their snrploB 
moisture for that altitude beu>re they reach it. 

Gale in the Bahamas, Oet 9-11, 1893. — Mr. A. Shea, the GK)vemor, Nassau, 
in a despatch to the Colonial Office, states : — These Islands have been visited by 
a severe storm, and though the damage is less than had been apprehended, a con- 
siderable amount will be required to repair the injury to wnarves ana other 
public property. 

The barometer showed signs of disturbance on Monday^ October 9th, the wind 
having backed from North-east to North, increasing to force 7. On Tuesday 
the wind was North-north-west, force 8, barometer 29*86 ins. at 4 p.m. The 
glass then fell gradually until the afternoon of Wednesday the 11 tl^ reaching 
its lowest point, 29*46 ins., at 6 p.m., when the force of toe wind was 8 to 10. 
The ^ind had then veered to West-north-west with heavy squalls until it settled 
to South-west. During the night of Wednesday the glass rose gradually, and 
the following morning the weather cleared up. 

The sea is said to have been the heaviest ever known here, and the wharves 
and other waterside private property are a good deal injured. The dwelling of 
the Assistant Lighthouse Keeper on Hog Island at the entrance to this harbour 
was washed into the sea, the inmates having but a few minutes before quitted it 
for shelter in the keeper*s house. The latter seemed in such imminent danger 
that a crew from the Imperial Lighthouse tender Richmond manned a boat at 
considerable risk, and effected the rescue of both families. Mr. Stephen Albert 
Diliet, the second officer, was in charge of the boat, and this is the second 
occasion since my arrival here on which this officer performed gallant and highly 
meritorious service of the same character. 

The accounte from the out islands that have so far come to hand report more or 
less damage from the heavy sea, but nothing serious from the wind. I have not 
yet heard from Abaco, where I fear the gale was most felt, as was the case in the 
August storm (see Quarterly Journal^ Vol. XIX. p. 260). 



Climate of New Zealand. — Sir James Hector, in the New Zealand Official 
Year Book for 1893| gives an account of the climate of the Colony. He states 
that the climate resembles that of Great Britain, biit is more equable, the 
extremes of daily temperature varying throughout the year by an average of 
Tff* only, whilst London is V colder than the North, and 4° colder than the 
Middle, Island of New Zealand. The mean annual temperature of the North 
Island is 57°, and of the Middle Island 52° ; that of London and New York 
being 51°. The mean annual temperature of the diiSerent seasons for the whole 
colony is: spring, 55°; summer, 63°; autumn, 57°; and winter, 48°. The 
clima^ on the west coast is more equable than on the east, the difference be- 
tween the average summer and winter temperatures in the north-west portion of 
the North Island being nearly 4° less than in the South-east, while as between 
the corresponding portions of the South Island the differences vary by some 7°. 
This is due to the action of the equatorial winds, which impinge on the west 
coast. The extent of their influence can be better appreciated by comparing 
the annual fluctuations of temperature on the opposite sea-boards of the Middle 
Island. At Christchurch on the east, the range is greater by 7° than at Hoki- 
tika on the west. 

The northern part of New Zealand is within the influence of the subtropical 
winter rainfidU, tne probability of rainfall in winter in that part of the colony 
being twice as large as in summer. In the south, however, the rainfall, though 
irregular, is distributed more equally over the year. The chief difference to be 
observed is that on the west coast spring rains prevail, and on the east coast 
summer rains, while in the middle or the colony the driest season is autumn, 
and in the south it is winter and spring. The contrast between the east and 
west coasts in the matter of rainfall is as striking as the difference in tempera- 
ture. Thus in the North Island, Napier on the east has only half the amount of 
rain that falls in Taranaki on the west. But the Middle Island with its longi- 
tudinal range of lofty mountains exhibits this feature in a still more marked 
manner, for the rainfall on the west is nearly five times that on the east. The 
excess of precipitation on the coast is clearly illustrated by the distribution of 
the glaciers on the opposite sides of the range. Those on the west slope have 
an excessive supply of snow and descend to a line where the mean annual tem- 
perature is 50°. wmle on the east slope they descend only to the mean annual 
temperature of 87°. The winter snow line of the Southern Alps on the east side 
is 3,000 feet, and that on the west side 3,700 feel. 

Periods of lasting drought are almost unknown in New Zealand, and only in 
two instances do the records show a whole month at any station without rain. 

The configuration of the colony — its great length from north to south, com- 
pared with its breadth, its extent of coast line, and the division of the two 
principal parts by Cook Strait — renders it very subject to the influence of sea 
oreezes. As a consequence, in parts of the country there is at times much 
motion in the atmosphere, and windy days are prevalent. Owing to the fact 
that most atmospheric disturbances pass from west to east with the centre of 
the depression to the south of New Zealand, there is a marked prevalence of 
Westerly winds throughout all seasons, but they are much modified by the form 
of the land. When the centre passes to the north of New Zealand, the result is 
that the North-east winds impinge on the east coast, bringing rain, followed by 
cold South-easters with heavy storms of rain and snow during winter in the south. 
The more common Westerly winds begin in the north-north-west with heavy 
rain on the west coast, and gradually veer to South-west, when fair bright 
weather sets in on that coast ; but the same Southerly wind, sweeping along 
the east side of the islands, brings heavy strong weather locally known as 
'* Southerly bursters,'* which from the shape of the coast reach the region oi 
Cook Strait as South-east storms. All the other winds are either land or sea 
draughts, with light fine weather, or are moderate winds produced by the circu- 
lation of the atmosphere round anticyclonic areas of high barometric pressure, 
which are far more persistent in their influence than the fast moving cyclonic 
or low pressure areas. Wellington, hj reason of its position near the narrowest 
part of Cook Strait, is peculiarly subject to wind. 

Thunderstorms are most frequent where the changes ofwind are most suddenly 
felt, from the most equatorial currents to the cold polar currents of the 
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t:k>ath*west On the west coast they are most frequent In spring, except in tne 
extreme south-west of Otago, where during winter thunderstorms are of almoit 
daily occurrence. 
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RECENT PUBLICATIONS. 

American Meteorological Journal. A Monthly Review of Meteorology. 
October-December, 1898. Vol. X. Nos. 6-8. 8vo. 

The principal articles are : — The Seiche in America : by E. A. Perkun 
(12 pp.). The Seiche is defined as being a movement of the water rhythmical, 
isochronous, and of decreasing amplitude, the result of a disturbance in the atmo- 
sphere.— The hailstorm of May 20th, 1893 ; by Prof. P. W. Very (11 pp.). Thia 
is an account of the thunder and hul storms which occurred in South Eastern 
Ohio, South Western Pennsylvania, and the northern part of West Yirffinia. In 
many places the bail stones were more than 2 inches in diameter, and caused a 
great amount of destruction. — Analysis of the causes of rainfall, with special rela- 
tion to surface conditions : by G. E. Curtis (8 pp.). — ^The highest meteorological 
station in the world : b^ A. L. Rotch (6 pp.). This station, which la 16,650 
feet above sea-level, is situated on Mt. Charchani, Peru, and is iust below the per- 
manent snow line. It is proposed to place there a set of self-recording inatm- 
ments. — ^A loop in the track of an ocean storm : by £. Everett (6 pp.). — ^The 
mechanism of a tornado : by Prof. H. A. Hazen (4 pp.). — Hot winds m Texaa : 
by A. Buell (4 PP*)* — Mountains as storm breeders : b^ R. de C. Ward (3 pp.). 
— ^The winds of the Indian Ocean : by Prof. W. M. Davis (11 pp.).— iSouth Ameri- 
can Meteoroloffy: by Prof. W. H. Pickering (4 pp.). — ^A South American 
tornado : by wTG-. Da vies (4 pp.). This is an account of the tornado which 
occurred on November 13th, 1891, and devastated the village of Arroyo Seeo, 
situated on the railroad from Buenos Ayres to Rosario. In regard to tiie 
pressure and velocity of the wind, an approximate idea may be formed by the 
force reouired to throw down buildines and to raise and carry away railroad 
cars. Ot Uie 21 box and flat cars standing upon the line and sidings, 17 were 
upset, some with their wheels in the air, others broken in pieces, and one loaded 
car, having a total weight of 14,000 kilogrammes, was thrown 80 metres to the 
west of the road. The freight shed measuring 26 by 10 metres, constructed of 
gsJvanised iron, was raised Scorn its foundation, and tumine over in the air waa 
thrown against the station. Some of the plates of this building were found at 
Isla del Kio, a distance of over two miles. A most extraordinary feature was 
that the front wall of the station which received the blow of the shed suiSered 
little damage, while the opposite wall, 50 centimetres thick, was so bent that it 
had to be rebuilt, and the interior pai-titions, 20 centimetres thick, were for the 
most part entirely thrown down. This phenomenon can only be explained by 
the difference in atmospheric pressure between the inside and outside of tibe 
buildins due to its sudden diminution outside at the first gust of wind, so that the 
air confined inside acquired for the moment an explosive force. Employing all 
available data, it results that the force of the two wind components (vertical and 
horizontal) exerted a pressure of 125 lbs. per square foot, but probably for a few 
seconds only — Errors of the psychrometer : by Prof. H. A. Hazen (2 pp.). 
This is a criticism of Mr. Midgley's paper ^' Constructive Errors in some Hygro- 
meters " which appeared in the Quarterly Journal^ Vol. XIX. p. 197. 

Annuaire de la SociSte Meteorologiqne de France. Tome XLI., January -Juiib, 
1898. 4to. 

The principal articles are : — Probleines relatifs k la circulation generate de 
Tatmosph^re: par H. Lasne (19 pp.)/) — Kesum^ des observations centralist 

Sar le Service hydrom^trique du bassiii de la Seine pendant l'ann6e 1891 : par 
[. Babinet (30 pp.). — Notice relative aux chutes de neige de Janvier 1893 : par 
V. Raelot (1 p.). — K^sum^ des observations magn^tiques faites en Islande, d 
File Jan Muyen et an Spitzbc rg, en 1892, par MM. les officiers du transport La 
Manche : par T. Moureaux (4 pp.) 
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Indian Meteorological Memoirs : being occasional Discussions and Compila* 
iions of Meteorological Data relating to India and the Neighbooring 
Coontries. Vol. lY. PartYm. 4to. 1898. 

This Part is devoted to an account by Mr. J. Eliot of the more important cold 
weather storms in India during the years from 1876 to 1891. From this discus- 
sion it appears that the cold weather storms are phenomena of an upper 
current in Northern India which forms an important part of the general 
circulation of the earth's atmosphere. So far as can be at present Judged, 
they folm in the plateaux and mountain areas of Upper India, Balachistan, 
Persia and Afghanistan, and are hence apparently similar to the majority 
of the winter storms in the United States, whicn are said to form m the 
area to the west of the Rocky Momitains. It is possible the cold weather 
storms of India may be merely the redevelopment of shallow depressions 
travelling eastwards, but there is as yet little or no direct evidence in tavoar of 
this supposition. Their development and the peculiar features of the secondary 
depressions, and the dependent phenomena, have been explained by the relations 
between this upper current over Northern India and the influx of air from 
the equatorial belt, and by the action of the vast mass of the Himalayas and Afghan 
Mountains, and ouier geographical conditions, in modifying the cyclonic motion 
in India determined originally by the primaries. The phenomena of the warm 
waves and the diy cool waves which accompany them are to some extent of 
special effects determined by the conditions of the snowfall in the areas to the 
north-west and west of Inoia. Their history shows the necessity for an early 
extension of meteorological observations in the long area between the field of 
European and of Indian meteorological work. It is doubtful whether it will be 
possioleto trace the origin of these storms more definitely until international 
charts for the Northern Hemisphere, or at least for Europe, North Africa, and 
Asia, are prepared. 

Meteorologiiche Zeitschrtft, Bedigirt von Dr. J. Hamm nndDr. G. HsLLHAMNa 
September-November, 1898. 4to. 

The principal contents are : — Die Reffistrirungen des Moreland'schen 
Gewichtsbarographen von R. Fucbs in Berlin : von Dr. Grossman (7 pp.). 
Weight barometers have never been much used in this countiy, the cost of 
King's, owing to the large quantity of mercury required, havmg effectually 
damped the urdour of intending purchasers. Dr. Grossman's paper saves us a 
carefully drawn up account on the advantages and disadvantages of the form of 
apparatus which has now acted for seven years at the Seewarte, Hamburg. 
'The apparatus works by electricity, and Dr. Grossman admits that interruptions 
in registration are not uncommon. — ^Zur Dynamik der AtmosphlUre : von M. 
Moller (11 pp.). This paper completes this treatise, which has been carried on 
for five monUis with intervals. At pp. 336-7 Dr. Moller gives the summary of 
all his conclusions. — ^Die klimatiscben Grundgleichungen des Eonigreichs 
Bachsen : von Dr. P. Schreiber (9 pp.)* This is a summary of a forthcoming 
paper in the third part of the KUma von Sachsen to appear next year. — Oliver 
Lodge fiber Blitzableiter undBlitzschutzvorrichtungen: von A. v. Obermayer 
(10 pp.). This is an abstract of Prof. Lodge's book. Lightning Conductors and 
jLi^tning Guards. — Die sakularen Temperaturschwankungen in Turin : von Dr. 
J. B. Ri2zo f4 pp.). This is a discussion of the temperature records of Turin, which 
go back to the year 1753, with the view of testing the truth of Brfickner's assertion 
that temperature follows a cycle of 35 years. Dr. Riszo claims to have proved 
that his figures show a period of 19 years. — Ueber die Haufigkeit der Halo- 
Phauomene : von Dr. G. Hellmann (4 pp.). This paper shows that the ordinary 
idea Uiat lunar halos are more common than solar ones is entirely incorrect. Dr. 
Hellmann maintains, from the figures he has been able to find, that solar halos are 
about five times an common as the lunar. Solar halos are most frequent from 
April to June, and least so in mid-winter. Lunar halos are most common in the 
wmter half year. These results mainly are derived from the older observations 
at Upsala, and are confirmed by figures from New York and from Japan. It is 
much to be regretted that at most observatories no regular watch is kept on the 
sky, and thus many halos, &c. escape notice. 
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Mittheilungen des K, K, MilUdr-Geagraphischen Institute, Band XTT , 1892. 
8vo. 

Contains : Vergleiche yon Quecksilber-Barometem mit siede-Thennometem : 
Yon H. Hartl (75 pp^. The author, who has already written several papers in 
the MeUwologiache ZeiUchrift^ has printed this paper in defence of boiling point 
thermometers, which have ox late years been rather under a cloud since the intro- 
duction of aneroids. He concludes that boiling point thermometers are at least 
as accurate as siphon mountain barometers, provided they have been accurately 
tested and the tuoe calibrated throughout its whole length. He holds that such 
thermometers are absolutely indispensable for all explorers making mountain 
ascents. 

8ymons*s Monthly Meteorological Magazine, Vol. XXVUI. October- 
December, 1898. 8yo. 

The principal articles are : — The Chicaeo Meteorological Congress (3 pp.).—* 
Rainfall in Persia (4 pp.). — The British Association at Nottingham (3 pp.). 
This includes abstracts of several of the meteorological reports and papers 
read at the Meeting of the Association. — Sunspots ana Air Temperature (1 p.). 
—The Drought and Heat of 1893: by P. Bicknell (1 p.).— October Raspberries 
and Strawberries (1 p. ^. --March to October 1898 (6 pp.). This is a comparison 
of the 1893 observations with those for the 10 years 1883-92, and shows the 
remarkable character of the past season. — The Minimum in Winter on the 
summit of Ararat (1 p.). 

Weather Lore, A Collection of Proverbs, Sayings and Rales concerning 
the Weather. Compiled and arranged by Riohabd Inwabds, F.R.A.S. 
1898. 8yo. 200 pp. and 2 plates. 

This is really the second edition of a little book which Mr. Inwards published 
in 1869. The present volume has been very neatly got up, and contains the 
most extensive and complete collection of weather lore yet published. It is 
accompanied by a plate illustrating the various cloud forms, together with their 
heights and names. It has also a bibliography of weather lore, and a very full 
index. 

Zeitschrifi der OeselUchaft fur Erdkunde zu Berlin, Band XXYm. 1898. 
No. 2. 8yo. 

This contains a paper (30 pp.) by Dr. J. Hann on the Climate of Quito. The 
material which the author had at his disposal was extraordinarily scanty and 
sporadic ; 3 months, not consecutive, between February and May 1871, and then 
29 months, October 1878 to March 1881. Nothing but Dr. Mannas experience 
and his unremitting care in investigation could have enabled him to obtain any 
conclusions from such data. For instance, some of the data in the published 
records he dismisses as being absolutely fictitious. He finally obtains from 
Whymper's observations values for Guayaquil, and gives as his final result a 
mean value of the barometer at sea level at Guayaquil at 29*922 ins. As for 
temperature he finds that the old value of 60° given oy Boussingault and quoted 
by Dove to be more than 3°'7 too hieh. The value Hann finds is 56°*3. In this 
connection Hann speaks of the value of earth temperatures at the depth of 
3 feet, a method of observation which has been much neglected of late, but 
which in tropical countries gives an exceedingly accurate value for mean air 
temperature. Two separate observers at different times found respectively 56^*3 
and 55°'8. A closer approximation to air temperature could hardly be expected, 
In conclusion, the climate of Quito is an eternal spring, and therefore equally 
trying to the residents as our own. 
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The subject of this, mj valedictory address from the Presidential chair, 
18 the Climate of Southern Califomia, which, though largely studied hy the 
Weather Bureau of the United States, is not so well known in England, 
and perhaps we chiefly derive our impressions of California from wliat the 
Americans call *' the canning industry,'* which floods our stores and grocers 
shops with gaily coloured tins of preserved fruits and vcgetahles, the produce 
of that sunny and fertile land. 

I propose, on the present occasion, to give you some account of the climate 
of thi^ favoured region, gleaned during a visit in the autumn of 1892, when 
I investigated its present and future resources from an invalid point of view. 

row 8XBII8. — ^VOL. ZX. V 
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My conclusions arc largely based on the publicationB of the Weather Boreaa 
of the United States. 

The entrance into California from Utah and Nevada is a welcome event for 
the passenger by the Union Pacific Express. After leaving Salt Lake City, 
the train for long hours skirts the shores of the great Salt Lake, with its 
numerous rocky islands rising hazily from its blue waters, and its back ground 
of snow-capped mountains, and then it plunges into the great American 
desert, a vast tract of alkaline soil growing nothing bat sage scrub (arUnUna) 
and inhabited only by Jack rabbits and lizards. There is no water save that 
tainted by alkalli aod^ bofori) the rmlway came many a irareller, man and 
horse, perished there from tbirst, leaving their bones to whiten on the parched 
soil. The monotony of the landscape is broken by the remarkable cliff-like 
ranges of mountains in the distance, whose weird shapes, cleft precipitously, 
assume the forms of Grecian temples, of columns and altars and of towers, 
looking vivid and near ia that transparent atmosphere. We traced oat the 
Propylflanm and the Theseum of Athens, and once towards sunset a red Suninm 
temple stood out boldly against the lemon sky. The railway stations, whore 
may be seen a solitary cowboy in picturesque costume, or a few Indians lank 
and squalid, but clothed in gay colours, are rare, and ore suppUed with food 
and water by the passing trains, and during this journey we rescued a goods 
train, in difiiculties from running short of coal, by taking it on with as to the 
next siding. 

After several hours of this dreary waste one hails with joy the entry into 
the defiles of the Sierra Nevada, and the ascent to Summit Station, the 
highest point (7,042 ft.), and then the descent by the lovely blue Donner lake 
to the Paeifio coast. The air at once becomes more balmy and is laden with 
fragrant odour of the conifers, and the eye wanders through vistas of densely 
wooded hills of considerable height, intersected with gorges and valleys, 
looking in the distance blue and mysterious ; and in the depths could bo dis- 
cerned a silver stream threading its way to the ocean. The woods were of 
various kinds of fir, some of grand size, and, as in all American forests, there 
stand out a number of dead giants, with rich red trunks, the rugged sentinels of 
the Pacific. Next we came to fine oaks and cotton trees, acacias, sumachs, 
and maples, all, as it was November, in their brilliant autumn colouring, the 
prevailing hue being yellow here, in contrast to the vivid red we had left 
behmd in the Eastern iStatcs. The httle shanty cities began to lose their 
barrenness, balconies wreathed with plumbago and bright with roses and 
Bcarlot geraniums told of the south, and we soon reached vineyards with 
^'apos and figs to sell at the more frequent stopping places, and so on past 
bacromonto, over the broad Oakland Ferry to San Francisco and the Golden 
Gates. 

Some days later, after leaving San Francisco at 5.80 p.m., we next morn- 
ing found ourselves passing through the Mojave Desert, a large tract of 
country destitute of water, and at present growing only sage scrub, cactus, 
aloe, and that extraordinary tree the yucca palm — a species of gigantic 
}ucca, which attains a height of 20 to 40 ft., and stretdiea -^t its gaunt 
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irregtdar amis like a ghostly araucariu. It appears to foe the oharacteristio 
tree of the arid regions, as we found it also in the Colorado Desert and in 
Arizona. This Mojave Desert is not of sand, hut the soil is detritus of 
granite, rich in felspar and mineral phosphates, and it only needs a good 
supply of water to render it fertile, for parts, such as Antelope Valley, have 
already been converted into com fields by irrigation. 

Penetrating the Tehachapi Mountains, we emerged into the rich and fertile 
district of Southern California, and soon reached its capital, Los Angeles. 

And now let me say a few words about the topography of the region. 

California, as will be seen in any map of the United States, is a narrow 
strip of territory fringing the Pacific for nearly 1,000 miles, and extending 
over 1(P of latitude, from 82° 80' to 42^ N. 

Two ranges of mountains traverse the State from north-west to south* 
east, the western or coast range consisting of a series of low mountains run- 
ning more or less parallel to the shore, and intersected by numerous valleys. 
The eastern range, the lofty chain of the Sierra Nevada, rises to over 18,000 ft., 
and is snow clad in parts, presenting almost an unbroken barrier to the east, 
for, according to Dr. Orme, of Los Angeles, ** for nearly a thousand miles 
there is no pass lower than 5,000 ft. in height save where the Sacramento, 
Klamath, and Columbia Rivers have worn deep gorges through its rocky 
fastnesses." 

Towards the south of the State the Tehachapi Mountains rise out of the St. 
Joaquin Plain and running east and west join the Coast and Sierra Nevada 
ranges, and south of this chain lies the territory of South California. This, 
as the map shows, forms an irregular parallelogram lying between 82^*80' and 
86^* 40^ N lat., bounded on the east by the States of Nevada and Arizona, 
being separated from the last by the River Colorado after it has emerged from 
the grand Canon and is on its way to the Gulf of California ; on the south 
by New Mexico ; on the north by the Tehachapi Mountains ; and on the west 
by the Pacific. There is an irregular coast line sloping towards the south * 
east of about 880 miles, though the length of this district in a bee line is 280 
miles. Its breadth is 880 miles. 

From the Coast and Sierra Nevada chains run sundry lesser ranges, 
chiefly east and west, such as the Santa Ynes, the Sierra Pelona, the San 
Gabriel, and the San Bernardino, which rises in Old Grayback, to a height 
of 11,725 ft. 

Southern California is divided into six counties, which starting from the 
north, are Santa Barbara, Ventura, Los Angeles, San Bernardino, Riverside, 
acd San Diego, the most southerly. 

The mountain shelter from the north and east may be described as tolerably 
complete, and the protected area consists of (1) valleys, chiofiy running into 
the coast range from the sea, and rising to various elevations, such as the 
fertile Ban Fernando and San Gabriel Valleys, or else (2) more or less extensive 
plains, as those of Santa Ana and San Jacinto. 

Soathem California may be subdivided into two portions, eastern and 
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western, by the Sierra Nevada and its spurs, the San Gabriel and San 
Bernardino mountains. 

The eastern portion consists of an arid region, called the Mojave and 
Colorado deserts, separated from each other by a low ridge of hills. This 
forms part of the great Basin, and the few streams which flow from the 
eastern side of the Sierra Nevada enter the Colorado river or lose themselves 
in the sink of the desert —most of the drainage flows to the Pacific. 

The greater part of this desert tract, stands from 1,000 to 8,000 ft. above 
SJA level, but there exist some great depressions, such as the Death Valley and 
the Sink of San Felipe, which are more than 100 ft. below the sea level and 
are supposed to have at one time formed part of the Gulf of Califomia, but to 
have been separated from it later by a geological upheaval. 

I do not propose to dwell much on the climate of the eastern portion of 
South Califomia, but shall occasionally use it as a contrast to the climate of 
tho western portion, and to demonstrate, how in the same latitude, and to a 
great extent with the same geological formations, the important conditions of 
ocean currents and shelter from cold winds, with a good supply of water, will 
convert a desert into a fruitful garden. 

The climate of the ea^^tern region is very dry, very hot in summer, and 
moderate in winter, and may be judged of by the returns of Fort Yuma at 
the extreme south of the Colorado Desert, where the mean temperature of 
the months of June, July, and August was 87^*1, and that of December, 
January, and February 54^*8. The average annual rainfall is 2*1 ins. 
At four stations in the Mojave Desert, Camp Cady, Barstow, Dogget and 
Fenney, the same state of things prevailed, the annual rainfall varying from 1 
to 2 ins., and the summer heat being extreme ; but this reaches its climax in 
tbe Death Valley, situate 175 ft. below sea level, where both heat and aridity 
are increased by the valley being narrow and deep, and enclosed by high and 
bare mountains. This has been reported to be the hottest place in the world. 
The valley derives its name from an unfortunate party of emigrants who in 
1850 perished from thirst while attempting to cross it. It is 75 miles long 
and from 12 to 20 miles broad, and has been surveyed by various expeditions 
of the U.S. Government, and in 1891 a party encamped in the valley from 
May to September to study the summer conditions, and a report was issued 
by Prof. Mark W. Harrington, the present head of the Weather Bureau. 

The temperature during the five months rarely fell below 70^ and gave an 
average of 94^. It occasionally rose to 122° in the shade, and it has been 
stated by Mr. Spears to have once reached 187°. It is not only hot in 
summer, but consistently hot, and the heat is increased 'by burning blasts 
from tliu desert. 'J he air was not stagnant, but in active motion. Heat 
aud movemcut of the air together make the valley very dry and the relative 
humidity low. The range of temperature is nevertheless considerable, 
amounting to 28°. Men are reported to have been driven insane while 
trying to cross the valley, and a borax collector (there are large deposits of 
that product there) died suddenly with the water canteen in his hand. No 
men or beasts cross the valley now, save at night; and meat slaughtered 
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at night and cooked is spoilt in the morning ; but if cut thin and soaked in 
brine it is cored in the sun in one hour. The maximum is higher than any 
figures noted in the Sahara, and is only equalled by the values for one 
station in India, Jacobabad in the Punjab. 

The climate of the western portion of South California has three im*' 
portant factors. 

1. Its southern latitude, which corresponds to that of the Empire of 
Morocco or of the French Province of Algiers in Africa. 

2. The influence of the Pacific Ocean, and especially of the Kuro Siwo 
current, or Black Stream of the Japanese Seas. This current exercises the 
same warming and equalising influence on the Pacific coast of North 
America, as the Gulf Stream does on our western coasts and those of 
Norway, and, as Mr. Scott says, *' it is to this stream that Sitka and the 
coasts of British Columbia owe their immunity from the ice which besets 
the shores of Asia in corresponding latitudes." A glance at any map of 
isotherms will show the effect of this current on the isothermal lines of North 
America in January and July, in the former case raising the temperature of 
the Pacific shores far above that of inland regions, and in July moderating 
the summer heat, and thus reducing the temperature. Very markedly so is 
this influence felt in the western part of Southern California, which at no 
point lies more than 60 miles firom the Pacific and is largely open to its 
influence. The temperature of the water of the Pacific rarely falls below 
60**, or rises above 70^. 

8. The influence of mountain ranges. One effect is undoubtedly 
protection from Northerly and Easterly blasts which the double range of 
mountains renders very complete. The other effect is the condensation of 
moisture firom the vapour-laden winds blowing from the Pacific. This ac- 
counts for the increased rainfall of this region, though this is less than that 
of Northern California. The existence of the Mojave and Colorado deserts 
may be due to their lying, like the American desert, to the leeward of the 
mountains, and thus being shut off from the influence of moist winds. 

We may now consider the principal features of the climate of this region. 

According to Dr. Orme, to whom I am largely indebted for information, 
both from his works and his conversations with me, the rainfall is about 
16 ins. a year, the annual amount varying greatly as to year and locality, 
and contrasting strongly with that of the eastern basin, noted at Fort Yuma, 

the subjoined table will show.^ 

Annual Rainfall. 

Inf, 
Santa Barbara, northern coast ••• ... ... 16*92 

Los Angeles, 16 miles inland ... ... ... 17*95 

San Bernardino, 60 miles inland ••• ... ... 16*85 

Fort Yuma, Colorado Desert ... ... ... 2*10 

•» Onntt OHmaU qf Southern OaUfmda. 
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The distribution of the rainfaU during the deeade from 1881-189ff for 
three stations, Los Angeles (inland), San Diego (coast), and Riverside 
(60 miles inland) show great irregularity, but altogether a moderate amount. 
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The mean relative humidity on the coast varies from 69 to 75 per cent, in 
the winter months, and from 60 to 68 per cent, in the summer. The annual 
mean percentage (11 years) for San Diego (coast) is 74*7, that for Los 
Angeles (inland) 69 per cent., while in summer it falls at Fort Yuma to 
85 per cent. 

The rainfall is distributed over the months of October to April, and in 
January there may be as many as five rainy days successively. Los Angeles 
counts about 42 days in which an appreciable amount of rain falls, and San 
Diego 41 days. Riverside 40 days. The sun shines on an average on 800 days 
out of the year, and for 179 days without a cloud, but there are 47 cloudy 
days, and on the so-called fair days fogs and mists are occasionally noted ; 
indeed a bad feature of this climate are the mists which come up suddenly 
from the Pacific and envelope everything in a cold damp atmosphere. One 
hot sunshiny day I was standing in the Lake Park of Los Angeles, looking 
at the fine view of the Sierra Madre Mountains, when suddenly I was 
enveloped in a thick cold mist, which shrouded the whole scene and made me 
shiver. Two days later at Santa Barbara the phenomenon was repeated. 
It was a blaziog hot day, and we were inspecting Santa Barbara from the 
train, or cars as they say in America, when suddenly a chilly feeling oame 
over us and Santa Barbara disappeared in fog. This only lasted for a few 
minutes, the sea-mist as it passed moving further inland. These mists do not 
appear to deposit much moisture, but are bitterly cold. They always come 
from the Pacific, but are stated to be limited to the lower ground, and never 
to rise above 1,000 fb. 

The mild temperature and the relative equability of Southern California are 
its great attraction, and its climate has been spoken of as one of perpetual- 
spring, but the figures, and certainly my impressions in November, rather 
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aidiealea eiimate of perpetnal sammer. The mean temporatolre of Lo» 
Angeles and Riyerside for 1890 was ed"", for San Diego 62^-6, and for Santa 
Barbara 60^*2. 

The monthly means for 11 years at Los Angeles, San Diego and Santa 
Barbara are given below and show remarkable equability. 
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The highest temperature recorded at Los Angeles was 106°, and the lowest 
28^, but at San Diego the corresponding figm'e» were 101° and 82°, a dificr- 
ence doe possibly to its situation on the coast. 

Frost is of very rare occurrence, except on some of the low lying mai'shy 
grounds, or again high up on the mountain slopes. Indeed with the multitude 
of subtropical crops, the effects of frost are soon visible and fearfully destruc- 
live, as has been seen, though fortunately seldom at Riverside. The heat in 
smnmer is occasionally great, but not excessive as in the neighbouring 
desert ; and beyond " camping out," which is a great delight to Califomians, 
many never go to any distance from their homes. 

At Fort Ymna, our standard of comparison, during the year 1880 the 
temperature exceeded 100^ for 78 days, on 28 of these the mercury losc to 
110^ and higher. 

As I have before said these temperatures are well borne in the exceedingly 
dry atmosphere and work is carried on as usual ; sunstroke is unknown. 

While the difference between monthly means is small, there is occasionally 
considerable range between the maxima and minima, as in 1890, when the 
range was 71° at Los Angeles, 68° at San Diego, and 64°*5 at Santa Barbara. 

The winds according to Dr. Or me during the summer have the prevailing 
directions from the North and North-west, and in winter from the South and 
South-west, and are generally of a refreshing character, but taken as a whole 
the winds are Westerly. 

There are certain local winds, and among them the Norther, Chinook, or 
Santa Ana as it is called in Southern California, a remarkably dry current 
generally local in its prevalence, but occasionally making itself felt over large 
(jifkif^ yOiiU itblowi the air becomes highly, electrified, horses tails stand 
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out like thick bashes, the hair crackles when stroked, and metallie objects 
duly insulated give forth electric sparks if a conductor is brought near. 
Nevertheless the Santa Ana wind is reported to be followed by a specially 
pure and invigorating atmosphere. 

It will be seen that the climate of South California is a warm, temperate, 
and on the whole an equable one, with more moisture than that of Colorado, 
the subject of my last year*s address, and a climate which would allow of 
much out-door life all the year round. 

We will next consider its effect on vegetation and take a glance at the 
results of diligent watering and gardening in this beautiful region. 

Our first excursion from Los Angeles was to Santa Barbara on the coast, 
at the northern extremity of South California, though with a due southerly 
aspect. After 4^ hours by rail through a rich plain in which oranges, figs, 
plums, and grapes are produced in great abundance, we came to the Pacific at 
Ventura and ran along it into Santa Barbara, a flourishing little town of 6,000 
inhabitants, embosomed in orange and lemon groves backed by hills covered 
with vineyards, and protected to the north and east by the Santa Ynes range. 
The vineyards of Santa Barbara are of comparatively ancient date, as they 
were planted by the Franciscan monks, who introduced the culture of the 
vine and of the olive in 1769, and did much to civilise and christianise the 
native Indians. The Spanish Fathers established missions at Santa Barbara, 
Santa Monica, San Diego, San Gabriel, and other places, erected graceful 
churches and conventual buildings, and fortunately named the places in which 
they settled in the beautiful Spanish language, and thus stamped the country 
with a picturesqueness which the modem American could not have supplied. 
Their buildings, made of the baked clay or adobe of the neighbourhood, are 
always simple and in good taste, and show how much beauty of form can be 
obtained with poor material, while the ruins, clothed with the semi-tropical 
luxuriance of nature, delight the eye. 

Santa Barbara has a port with a wooden pier, and has abundance of street 
cars, electric and others, and some fair hotels, besides plenty of villas in 
gardens, and ranches in the neighbourhood which are the best places for 
invalids. It is a famous place for flowers, and a floral festival is held in April, 
when there are processions of flower-bedecked carriages and cars like the 
bataUle desfleurs at Cannes and Nice. The roses grow in great profusion, 
and the arum, called by the Californians the calla lily, is largely cultivated 
and the bulbs exported for the eastern market. It would be impossible for 
me to go into the subject of floriculture, but the land is apparently able to 
produce any flowers, though as fruit is so profitable, this department is at 
present kept in the background. 

Along the coast we come to Santa Monica and San Pedro, both centres of 
rich luxuriance of vegetation, and gay little Redondo Beach, and then by the 
surf line we reach Ocean Side, another modern sea-side place. Near this 
spot I witnessed the most gorgeous sunset I have ever beheld. I have seen 
beautiful sunsets in Italy, Sicily, Greece and Spain. I have seen northern 
anes_of (^eat spl^donr, but anything to e^ual this Pftoifio ope lAo w\ 
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remember. The son sank iDio a deep green ocean lit up with golden light, 
which imparted a remarkable transparency, as of liquid flame. Above was a 
sky red as a furnace, out of which rose like incandescent masses the 
picturesque islands of Santa Catalina and San Clemente. The red gradually 
&ded into the usual pearly sunset tints, but the ocean retained for a con- 
siderable period its wonderful green hue. The weather was fine and warm, 
88^ to 84° in the shade, and there had been no rain for months. 

The next place of importance, with its magnificent harbour, is San Diego, 
the second port of California, situated dose to the frontier and within full 
view of the Mexican mountains, which at Coronado are only 12 miles distant. 

San Diego was the first mission of the Franciscan Fathers, and is now a 
flourishing town of 16,000 inhabitants of the usual American type. San 
Diego County, probably because of its southern position, has been found to be 
specially suitable for the growth of the lemon, and in addition to the lemon 
groves now established, it is proposed to bring, by means of irrigation, 150,000 
acres of " frostless *' ground into cultivation for this tree, by means of 
gigantic dams, such as the Hemet, Sweetwater and others. The San Diegians 
calculate on being able to irrigate 250,000 acres in time. However, my 
object was less to see San Diego itself than Coronado Beach and its famous 
hotel. This we reached by crossing the harbour to the narrow spit of sandy 
land which separates it from the ocean. We landed from our steam ferry 
and were taken to the hotel by a steam tram through a garden abounding in 
exotics, and, curious contrast in this frequented spot, there was plenty of wild 
life, for outside the botanical garden, as it is called, are numerous Jack rabbits 
and cotton tails (ordinary rabbits), while on the shore shooting of canvas- 
backed ducks was going on. 

The hotel is built in irregular lines, and stands at a short distance from 
the beach, commanding fine views in all directions to Point Loma and to the 
town and harbour of San Diego, backed by the San Jacinto and San 
Bernardino ranges, and the Mexican Table Mountain. There is a fine ex- 
panse of the Pacific, rising out of which are the small Coronado Islands 
which belong to Mexico. 

The hotel is a picturesque building which covers 7 acres and is entirely 
bnilt of wood. It contains 1 ,200 beds and a considerable number of pubhc and 
private sitting rooms, and is surrounded by terraces both open and covered ; 
there is also a large quadrangle sheltered from all wind but open to the sun 
and planted as a garden. Here grow many beautiful exotics, the guava tree, 
the scarlet hibiscus, the rosa sinensis, the stephanotis, the loquat or Japanese 
medlar, and the persimmon ; many varieties of palms,* such as the Seaforthia, 
which we admire in the large hothouse at Kew, the coco plumosa, the Wash- 
ingtonia philaferia, the Kentia, and the oreodoxa or Hoyal paJm. The 
Bougainvillea, as everywhere in South California, covers the walls with 
gorgeous sheets of colour, and the heliotrope scents the air. Lastly, the 
scarlet poinsettias attain to the size of trees, and reminded me of those I 
had seen growing in the Latomia of S3rracuse in Sicily. 

Ckxronado Beaoh )U8 good salt bathoi and from whitt Dt. BapbflelLortfUj 
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the resident medical mui, told me it is largely patronised in the winker fay 
people from the Eastern States, especially Bostonians, who snffer from the 
exhaustion of city life. The temperature, even in the middle of Novemher, 
was here, as generally daring my sojourn in South California, 83° to B4° in 
the shade for the midday hours, and the evenings cool and refreshing, the 
air dry and clear. 

Among the attraoticxis of Coronado is an ostrich farm, similar to those at 
Santa Monica and Santa Barbara. The birds are often vicious and have 
kicked some of their attendants to death, but the experiment of ostrich 
breeding is interesting and promises to succeed. 

The whole inland district from the Pacific Coast to the San Gabriel and 
San Bernardino mountains, and far up the slopes of these ranges, is cultivated 
and for the most part irrigated, as we saw on our return to Los Angeles 
from Coronado Beach. The principal inland towns in addition to the capital 
are Santa Ana, Colton, Riverside, Pomona, San Bernardino, all prosperous 
centres of fruit, flower and vegetable growth, and with plenty of railway 
communication, for no less than ten lines radiate from Los Angeles in all 
directions. Los Angeles is a well-built city of some 60,000 inhabitants and 
stands about 800 feet above sea level, commanding a fine view of the Sierra 
Madre mountains. 

The charms of the place are its numerous parks or public gardens tastefully 
laid out with palms, pepper trees, magnolias and other beautiful trees and 
shrubs, as well as with gay flower beds. The streets are chiefly paved with 
asphalt and of course pervaded by the 'eternal cable and electric cars, the 
houses are handsome and many are surrounded with gardens, so that the 
cfiect is pleasing. Having already sketched the chief features of the climate 
I shall only add that the hotel accommodation at Los Angeles is £urly good 
and that there is an interesting and instructive museum of all the productions 
of South Califomia, vegetable and mineral. 

The desirable winter residence is Pasadena, 8 miles to the north of Los 
Angeles in the San Gabriel valley, on the slopes of the Sierra Madre and in 
the midst of orange groves, with magnificent avenues of pepper trees and 
specially well tended gardens. This small town of 12,000 inhabitants, 
900 ft. above sea level, will be shortly connected by a log wheel railway with 
the summit of Mount Lowe, 7,000 ft., one of the Sierra Madre heights, 
which is snow capped in winter; and thus the Califomians will be able to 
tramp through the snow on Mount Lowe and after 80 minutes railway descent 
to pick roses at Pasadena. 

The view from the Raymond Hotel is extensive and beautiful ; one gazes 
over a vast garden bordered by the Pacific, of which a glimpse is obtained at 
San Pedro, to the north rise the Sierra Madre and behind these Old Baldy, 
one of the San Bernardino range, rising to 10,142 ft. and tipped with eternal 
snow. 

We contemplate a wonderful mass of luxuriance at our feet, orange and 
lemon trees, the older ones larger than those of Southern Europe, loqnato, 
.jopniMy^ piiaimmonfli loadid with ri{« inutr olives and paknsi ae.wsU mlOiq 



ever present eacalyptus, mingled with cherries, apricots, peach, and nectarine 
standards, and then to think that 20 years ago all this was a sheep pasture 
with a lonely ranch which irrigation, in this fine climate has converted into 
a Garden of Eden. 

Further east on the slopes of the same range lies a charming hotel called 
the Villa Sierra Madre, embosomed in olives and oranges, 1,800 ft. above sea 
level, with 100 beds and all arrangements for invalid residence. Hero I was 
hospitably entertained by my friend and patient Dr. Gresham, late of Brom- 
ley, and spent an agreeable day in exploring the district. From thence to* 
the San Bernardino Pass is a series of gardens which flourish apparently in 
proportion to the amount of irrigation. This is carried on either by 
leats, i.e. by conducting mountain streams in channels or by tunnelling into 
the mountains for water, or, in the lower grounds, by sinking artesian wells. 

It is remarkable that in this warm climate that with so much water arti- 
ficially spread over the land, there appear to be no malarial fevers. 

Riverside (population 4,688) lies in the plain, away from the mountains, and 
has the reputation of being the best irrigated and cultivated tract of the 
whole region. The yield in oranges in 1890 was 858,841 boxes, the varieties 
grown being chiefly the Australian navel orange and the seedless Washing- 
tons. Vines are grown for raisins ; raisin exportation appears to be more 
profitable here, wine is made in other parts of South California. Riverside 
possesses its famous magnolia avenue 12 miles long and 125 ft. wide, lined 
with exotics, with the orange groves on each side. 

Besides the fruits already mentioned, Southern California produces such sub- 
tropical ones as the cherimoyer or custard apple, the pineapple, the banana, 
and among our English fruits strawberries all the year round, raspberries, 
blackberries, currants, mulberries, quinces, apples, pears, cherries, and figs, 
the only diflerence being that the seasons of most fruits are longer there than 
here. Pumpkins and melons of all kinds abound. 

Wheat yields an abundant crop, and has averaged on some largo ranches 
a harvest of 1 ton to the acre, but 1,800 lbs. is considered a satisfactory 
yield. Barley also is largely grown in the southern port of the State, and 
more than a million sacks are produced yearly. This and wheat are grown 
without irrigation. 

Alfalfa, or lucerne, generally requires artificial water supply, but with 
this will give from 8 to 6 crops a year, with an average of 1 to 2 tons to the 
acre for each crop. 

In Ventura County beans are the staple commodity, and elsewhere beet 
18 cultivated and sugar made from it. 

Lastly, another large branch of industry are the bee farms, the product 
of which we see in the Califomian honey, the special flavour being due to 
the bees feeding on white sage. 

So much for the efiect of the climate on vegetation. 

Man appears very healthy and happy. The death rate of Los Angeles is 
12 per l,000i a very low one, tiiough it contains a large proportion of 
dfiih0-4rom eoDSHmption^ owing io the nmnbei of invidids who flock to thid 
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conniry. I have known several who have done well; bat to attain satis- 
factory results patients most not visit it for a winter and then return 
eastward, bat shoald make it their home, and if possible take to some ocea- 
pation involving an open air life, like gardening or frait farming, retoming 
to less complex conditions than those of city life. Many who have done so 
have greatly prospered in health and pocket. 

In conclasion, the climate of Sonthem California seems to be character- 
ised by 

1. A warm sanny atmosphere all the year roand, permitting mnch oat- 
door life and camping oat in sanmicr, 

2. Remarkable cqaability of temperatare, daily, monthly, and annnal. 
8. Abandanco of sanshine at all seasons of the year. 

4. A moderate rainfall and a small nambcr of rainy days, occarring 
chiefly in winter and spring. 

5. A fair relative hamidity percentage, evenly distribated over the whole 
year. 

6. The prevalence of fog, or sea mist, from time to time rolling in from 
the Pacific Ocean, but not reaching the higher lands. 

7« A poroas soil, which when sappliod with abandant water by American 
energy, seems capable of proda<^ing extraordinary crops of grains, firait, and 
vegetables. 



REPORT OF THE COUNCIL 

FOR THE YEAR 1893. 

In presenting their Report, the Council have to congratnlate the Society 
on its steady and uninterrupted progress daring the past year. There is an 
increase in the number of Fellows elected over the number elected in 1892, 
and the balance at the Society's Bankers at the end of the year is larger than 
the balance brought forward from 1892. 

The Council feel that the Society will regret the numerous losses by death 
sustained during the year, and particularly those of Lord Ebury, Thomas 
Hawksley, William John Harris, George Matthews Whipple, and Henry 
Francis Blanford. 

The death of Lord Ebury, on November 18th, removes one of the small 
band, still remaining, of those who took part in promoting the foundation 
of the British Meteorological Society. Lord Ebury, then Lord Robert 
Grosvenor, was, in 1888, a Member of the Council of the original Meteo- 
rological Society of London. At the Anniversary Meeting of March 12th , 
1889, he was elected its President, and continued to hold that office until 
the Society was dissolved, on August 14th, 1850. The British (now the 
Boyal) Meteorological Society was founds on Ajpril 8rd, I860, wi Lo(4 
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Elraiy joined it on May 7ih following. He if»s then elected one of its Yioe» 
Presidents, a position which he occupied nntil May 27th, 1856. From this 
date he occasionally attended its meetings, and ever showed an interest in its 
welfare. 

The late Thomas Hawksley, F.B.S., Past President of the Institution of 
Civil Engineers, joined the Society on January 22nd, 1856, and during his 
long career as one of the most distinguished Civil Engineers was always a 
keen supporter of the science of Meteorology. 

The late William John Harris, M.R.C.S., of Worthing, joined the Society 
on November 20th, 18Q7t ^^^d served on the Council for 1875. He will be 
chiefly remembered as being the Society's observer at Worthing, where he 
commenced his records in 1867, and continued them till his death on August 
28th, 1898, a period of over 26 years. These observations, through the 
great courtesy of Mrs. Harris, are now being continued by Mr. G. B. Collet 

The late George Matthews Whipple, B.Sc, F.R.A.S., joined the Society 
on April 15th, 1874, and was a most energetic worker. He was employed 
at the Kew Observatory from October 1858, and held the post of Superin- 
tendent from 1876 until his death. He served on the Council from 1876 to 
1887, and contributed no fewer than 22 papers to the Quarterly Journal. 
He died at his residence at Richmond on February 8th, 1898. 
* The late Henry Francis Blanford, F.R.S., F.G.S., who had achieved a 
high reputation as Meteorological Reporter to the Government of India, 
joined the Society on November 20th, 1878, served on the Council from 
1888 to 1891, and he did good work as a member of the Editing Committee, 
He died at Folkestone on January 28rd, 1898. 

The loss of such men, together with the other serious losses by death 
mentioned later on, have left a great void, which it will be difficult to fill. 

Of those who were either Founders (marked *) or were elected in the first 
year we still have with us the following Fellows : — 

Brown, Isaac, F.R.A.S. Perigal, H., F.R.A.S. 

♦Glaisher, J., F.R.S. Prince, C. L., F.R.A.S. 

Hippisley, J., F.R.S. *Slatter, Rev. J., F.R.A.S. 
♦Johnson, W., F.R.A.S. Tudor, E. 0., F.S.A. 

♦Lowe, E. J., F.R.S. 

The Council have been materially assisted by several Committees, which 
were constituted as follows : — 

General Purposes Committee. - President, Secretaries, Foreign Secretary, 
Treasurer, Messrs. Ellis, Inwards, and Latham. 

Editimo Committee. — Messrs. Inwards, Maclear, and Scott. 

Wind Forcb Commiitee. — President, Secretaries, Messrs. Binnie, Chatter- 
ton, Curtis, Dines, C. Harding, Laughton, Munro, and Scott. 

Standing Referee on Papers. — Mr. Ellis. 

Instead of the Annual Exhibition of Instruments, which has now been a 
feature of the Society's Session for the past 18 years, at the request of the 
Cknincili Bir. Sheiford Bidwell, F.R.S., delivered a lecture on " Some Meteo- 
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n^dgiisftl Problems,'* illOBtrated by nnmerons eldetrioftl exp^iments. The 
leelilre was extremely well attended. 

St^Uiofu. — Observations have been aeeepted from the following new sta- 
tions : — Chester ; Cranleigh, Surrey ; Folkestone, Kent ; Halstead, Essex ; 
Luieaster ; Newport, Pembrokeshire ; and Newquay, Cornwall. The obser- 
vations have hefm discontinued at Babbacombe and Exeter. 

Copies of detailed monthly returns and annual summaries of results have 
been supplied as usual to the Meteorological Office. 

Inspection of Stations. — All the stations north of latitude 62° N. and east 
of longitude 2° W., together with such other stations west of longitude 
2° W. as were not inspected last year, have been visited, and found to be on 
the whole in a satisfactory condition. Mr. Marriott, in his Report (which 
will be found in Appendix III., p. 100), states that ho has called the special 
attention of the observers to the working of the wet bulb thermometer, 
particularly during frost. 

Dinner to Mr, Ferigal, — ^A Congratulatory Dinner at Limmer's Hotel, on 
Saturday, April 15th, was, on the initiation of the Society, given to Mr. 
Perigal, in celebration of his 92nd birthday and of his 40 years' service to 
the Society as Treasurer. 

Research Fund, — Dr. C. Theodore Williams, previous to vacating the 
office of President, has expressed a desire for the formation of a fund for 
carrying out experiments and observations in Meteorology, and has 
generously presented the sum of £100 to form the nucleus of a Research 
Fund. The Council have gratefnll}* accepted this donation, and trust that 
this Fund may be augmented by interest nnd otherwise as time goes on, and 
that it may be the means of forwarding the objects of the Society in future. 

Donations, — A valuable present of a lime-light lantern and all the ne- 
cessary apparatus for use in illustrating the papers read at the Society's 
Meetings has boon received from the President. Considerable additions have 
boon made to the Library during the year, a list of which will be found in 
Appendix V., p. 118. Several Photographs have been received from different 
donors. 

Quarterly Journal, — This publication has contained several interesting 
papers, amongst which are ** The High Altitudes of Colorado and their 
Climates,'* by the President ; *' Remarks on the Measurement of the Maxi- 
mum Wind Pressure, and description of a new instrument for indicating and 
recording the same, " by Mr. Dines; ** The relation between the duration 
of Sunshine, the amount of Cloud, and the height of the Barometer," and 
'* The Mean Maximum and Moau Alinimum Temperature of the Air on each 
day of the year at the Royal Observatory, Greenwich, on the average of the 
fifty years, 1841-90," by Mr. Ellis; ** Suggestions, from a practical point of 
view, for a New Classification of Cloud Forms," by Mr. Gaster; and 
'* Fifteen Years' Fogs in the British Islands, 187(5-90," by Mr. Scott. 

Meteorological lUcord, — This publication has been brought up to June 
1898. 

Phenohgical Report. — This interesting and instructive Report was read 
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by Mr. Mawley at the February meeting, an<= it is satisfactory to find that 
the number of observers has been well maintained. 

The New Offices. — These continue to give satisfaction, and have proved 
very eonyenient. 

Hour of Meeting, — In view of the repeated requests of numerous Fellows, 
tiie Council re&olved to alter the hour of Meeting for thiD current Session 
from 7 p.m. to 8 p.m., a change which they trust will be conducive to the 
comfoii of the Fellows, and lead to a larger attendance at the Meetings. 

Fdlmvs. — The changes in the iiumber of Fellows during the year are 
exhibited in the following table, which shows an increase of three : — 



Fellows. 
1892, December 81st... 

Since elected 

Deceased 

Retired .. 

Lapsed 

Defaulters 

1898, December 81st... 



Annual. 


Life. 


899 


137 


+ 43 

- 8 
-19 

- 8 

- 6 


+ 1 
-8 

••• 

•*• 

..* 


406 


185 



HoBorcuy. 



19 



-2 



17 



Total. 



555 



+44 
-13 
-19 

- 8 

- 6 



558 



DeatJis. — The Council have to announce with much regret the deaths of 
eleven Fellows, and of two Honorary Members. The names are: — 

John Charles Boll, F.U.G.S. 

Henry Francis Blanford, F.R.S., F.G.S. 

Edith Brooke 

Sir Andrew Clark, Bart., M.D., F.R.S., Prub.ii.C.P. 

Prof. Daniel Colladon (Honorary Member) 

Prof. Henri Marie Davy (Honorary Member) 

Earl of Derby, K.G., M.A., LL.D., F.R.8. 

Lord Ebury, F.R.G.S. 

William John Harris, M.R.C.S. 

Thomas Hawksley, F.R.8., M.Inst.C.E., F.U.S. 

Captain John Shortt, R N. 

Lieut. -Col. William Stuart 

George Matthews Whipple, B.Sc, F.R.A.b. 



elected Feb. 15, 1888. 


»» 


Nov. 20, 1878. 


M 


Dec. 19,1888. 


»» 


Apr. 20, 1892. 


»f 


May 16, 1888. 


»> 


Apr. 17, 1878. 


>> 


Mar. 19, 1879. 


fi 


May 7,1850. 


it 


Nov. 20, 1867. 


if 


Jan. 22, 1856. 


11 


Dec. 18, 1889. 


11 


Nov. 20, 1878. 


11 


Apr. 15, 1874. 
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APPEN' 
STATEMENT OF RECEIPTS AND EXPENDITnSE 



Bbgbifts. 

A t. dL A t. ^ 

Balance from 1892 US 11 4 

BabMriptions for 1898 686 2 

Do. former years ........•• 62 16 

Do. i>aid in advance 86 2 

life Composition 21 

BntranoeFees 86 



Moleorologioal Office— Copies of Betnrns 143 10 3 

Do. Grant towards Inspection Expenses 25 



889 19 



168 10 



Difidends on Stock (including £40 6s. 8d. from the Mew 

Premises Fnnd) 114 11^ $ 

Sale of Patlications 83 ^ i 
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PEi^DIX I. 

FOB THE YEAR ENDING DECEMBER 81st, 1893. 



EXPBNDITUKB. 

JS f. d. 

Balance due to the AssUtant-Seoretary ••• •••••••• 

Jcfwmal^ dc, : — 

Printing Nob. 85 to 88 105 10 6 

Hlostrations 46 8 

Aothon' Copies 16 16 6 

ICeteorologioal Becord, Noa. 47 to 50 50 9 6 

3egi8trar-General'8 Beports 8 8 

Prifiting, dtc, : — 

General Printiog 24 1 6 

Stationery 5 4 1 

'^orms II 3 6 

JBooks and Bookbinding 28 18 1 

Ofiee Expenses: — 

Salaries 417 5 6 

Sent and Housekeeper 141 14 

f nmitare, Bepaire, Coals, &o 15 9 10 

X^ostage 47 12 

Petty Expenses 16 U 

fiefreshments at Meetings 14 1 I 

Xjectnre Expenses a . . . 12 1 

Sabscriptions overpaid returned 4 

Observatione : — 

Inapection of Stations 54 7 

Observers at Old Street and Seathwaite 7 2 

Instmments 4 15 7 

Stock ;— 
Porcbase of £100 2| per cent. Annuities 

Balance : — 

At Bank of England 165 13 3 

In hands of the Assistant-Secretary 2 17 1 



£ f. d. 

2 5 6 



226 6 2 



69 7 2 



668 5 3 



65 18 


2 


97 5 





1129 6 


3 



168 10 4 



£1297 16 7 



Examined and compared with the Vouchers, and found correct, 

J. S. HABDINO, JuNB., 
ALBT. B. WATSON, 

Jmnumry 9th, 1894. 



Auditors, 
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APPEN' 
ASSETS AND I4ABILE|!DS9 



LUBILITIBS. 

£ t. d. 

To Sabicription8 paid in ftdvanoe ••••• .86 S .0 

H Exoess^of Assets oyer Liabilities tI6l 7 U 



£2787 9 11 



i This exoMs is ezclasire of the t tluo of the Library and Stook of PaUioatioiis. 



NEW PREMISES FUND, 

£ t. d. 

AmooDt paid to the Society^s Funds towards the increased rent of the 

New Premises 40 5 8 

Amount invested in purchase of £13 Bs. lOd. South Australian 8^ per 

cent. Inscribed Stook ,., .... 12 10 

£52 15 8 



BBPOBT OF THE COUNCIL. — APPENDIX I. 99 



DIX 7. — Continnsd. 

ON JANUARY Ist, 1894, 



Assets. 

£ t, d. £ 8, d. 
By loFestment io M. S. and L. R. 4} per cent. Debenture 

Stock, £800 at 142 1136 

„ Investment in N. S. W. 4 per cent. Inscribed Stock, 

£654 188. at 104^ 682 14 8 

M Investment in L. A N. W. B. Ordinary Stock, £200 at 1C4 328 
„ Investment in 2| per cent. Annoities, £100 at 974 • • • • 97 5 



2213 19 8 



„ Sabscriptions unpaid, estimated at 50 

„ Entrance Fees unpaid 10 

„ Interest due. on Stock . . 30 3 10 

„ Furnitore, Fittings, Arc 184 19 10 

„ Inslniments 99 16 3 



•t 
*» 



Cdshat Bank of England 165 13 3 

Cash in hands of Asiistant-Secretary 2 17 1 



90 3 10 



281 16 1 



168 10 4 



£>7S7 9 11 



January 9th, 1894. 



J. S. HARDING. JusB., ) . ,., 
ALBT. E. WATSON, ( ^«^'^o^- 

WILLIAM MARHIOTT, AasiBtant Secretary, 



DECEMBER SIst, 1898. 



£ i, d. 

Contributions of Fellows 1 i 10 

Interest received on investment 40 5 8 



£52 15 8 

KoTX.— The Society holds on account of this Fund £1199 Os. 2d. South Austruliuu 
3 1 per cent. Inscribed Stock. 

J. S. HAKDING, JoNB., I , .. 
ALBT. E. WATSON, f ^uditort. 

WILLIAM MAKUIQTT, Astutant Stcretarij, 
January 9th, 1894, 
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APPENDIX II. 

Subscriptions promised towards the New Premises Fund. 

FOURTH LIST. 



Amount already promised 
Mr. 0. B. Cavilje 



£ t. d, 

••• ••• ••• l|17o 7 D 

• •f ..• •.. ^ V 11 



iei,17S 7 6 



APPENDIX III. 

Inspection of Stations, 1893. 

During this year I have visited all the stations north of 52^ N. lat., and 
east of 2° W. long., together with such other stations west of 2° W. long, 
as were not inspected last year. 

The stations as a whole were in a satisfactory condition, and the observers 
appear to take an intelligent interest in the work. Fewer changes ^ %ti 
usual have occurred in the zeros of the thermometers. 

This year I took with me some brass back-plates having a hole and slot 
for suspending the thermometers. These I substituted, where necessary, for 
the back-plates having only a ring, in order to obviate the vibration of the 
maximum and minimum thermometers in windy weather. I also renewed 
the metal fastenings for holding the thermometer tubes when they were 
almost or quite worn away. 

The observers have been urged to give as much attention as possible to the 
working of the wet-bulb thermometer, especially during frost. 

I have to report that the charge of the observations at Blackpool has 
been transferred from the Borough Surveyor to the Medical Officer of Health. 
The instruments have also been removed to property belonging to the Cor- 
poration, and there is every reason to expect that the observations will 
be thoroughly satisfactory. 

William Mabbiott. 
October 18th, 1893. 



NOTES ON THE STATIONS. 

Appleby, August 26th. — The instruments were all clean and in good 
order. I rearranged the position of the water receptacle, and urged the 
observer for the future to read the thermometers to tenths instead of to whole 
degrees. 

Belper, September 2nd. — The instruments were in the same position 
as formerly, the thermometer screen being greatly sheltered by trees. I 
put on fresh back-plates to the minimum thermometer. The MQonnt pf 
cloud seems to be somewhat under-estimated. 
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Blackpool, August 30th. — The charge of the instnunents and ihio observa- 
tions had recently been transferred from the Borough Surveyor to the 
Medical Officer of Health. Mr. F. Pool, one of the Sanitary Inspectors, is 
the observer, and he appears to be an efficient man. The rain gauge was 
sheltered by a row of willow bushes. In order to get the instruments 
together on Corporation land, I went to the Sanatorium and selected a fresh 
site, which will be more open and satisfactory than the present one. 

Bolton, August 31st, — The thermometers were all correct, except the 
minimum, which had gone down 0^*8. The funnel of the rain gauge 
required repairing. Observations with a 6 inch earth thermometer were 
commenced on January 1st. 

BoBTON on-Tbbnt, August 1st, — ^AU the instruments were in good order, 
except the grass minimum, which had 1° of spirit at the top of the tube. 

Buxton, September 1st. — The observations are now made by the Medical 
Officer of the Devonshire Hospital, and are more efficiently taken than 
formerly. The thermometers were all correct. The results from the sun* 
shine recorder would no doubt be better if the instrument were placed in a 
more satis&ctory position. 

Ghbadlb, July 31st, — The instruments were in good order. 

Ghbsteb, July 29th, — The instruments are mounted in a small garden in 
the Park Gate Road, the exposure is very fair but somewhat confined. The 
thermometers required rearranging in the screen, and also holes to be cut 
behind tiie bulbs of the maximum and minimum. None of the thermometers 
except tiie grass minimum had been verified at Eew. [The instruments 
have subsequently been sent to Eew for verification.] 

Gorton, July 19th, — ^The sunshine recorder is by Messrs. Negretti and 
2iambra, and is placed in a well exposed position near the cliff. 

Dbiffikld, July 13th. — Ever3rthing was in good order, and the thermo* 
meters were all correct. Mr. Level had added a barograph and evapora* 
tioD tank to his equipment since the last inspection. [Mr. Lovel died on 
Febmary 16th, 1894, but the observations will be continued by his fiAther, 
Mr. W. E. Lovel.] 

Obldbston, July 20th. — ^The sunshine recorder is mounted on the ridge 
of a stable, and is very well exposed. A tree on the east is the only thing 
likely to at all intercept the sun's rays. 

Halstbad, September 27th, — The instruments are placed on a grass plot 
in a kitchen garden, and are well exposed. I recommended an alteration in 
the mounting of the dry and wet thermometers. The dry and wet had both 
gone up 0°'2. 

Harbooatb, July 11th. — Since the last inspection the instruments Lave 
been removed from the West End Park to the Bog Valley Gardens. They are 
in a good situation, and are well exposed. The observations are now tmder 
tlie charge of Mr. J. Farrah. The sunshme recorder (Jordan pattern) is 
placed on the top of the tower of the Bydropathic Establishment, and is very 
well exposed. 

HiLLiNOTOir, July 18th. — The thermometers were all correct. The sun- 
shine recorder was not qoite level. This I endeavoured to adjust. 
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•Pod'soot, September 4th. — This station was in good order. The ball of the 

3un§faino recorder was not qnite in the centre of the frame. This I acyosted, 
• •» • 
•* l^nd'Mr. Mellish has had the slate slab fixed in cement. 

','/'* Kenilworth, Aitgiut 2nd, — Both Mr. Hawley and the coachman, who 
• asnally takes the observations, were away at the time of my visit. The 
thermometer screen needed painting, and the legs renewing. The thermo- 
meters required rearranging in the screen. The tabes of the maximom and 
minimum had slipped down. These I readjusted. 

Lancaster, AugMt 30th, — ^The instruments are placed in the Williamson 
Park, which was formerly moor land, and had been used as a quarry. The 
ground is consequently irregular, but the instruments are placed on the 
highest points. The thermometer screen required to be painted white and 
also to be raised, as the bulbs of the thermometers were only 8ft. 4 ins. 
above the ground. The tube of the maximum had slipped down 1°. The 
sunshine recorder is mounted on the roof of the Greg Observatory. The 
observations are made by the Curator of the observatory. 

Llandudno, July 26th, — All the thermometers were in good order except 
the minimum, which had 0^*5 of spirit at the top of the tube. I recom- 
mended that a cover be placed over the water receptacle. The snnshine 
recorder on the pier was somewhat out of focus. This I readjusted. The 
hills on the west cut off the sun in the evening, the highest point making an 
angle of 11®. 

Lincoln, September 6th, — There was no change in the thermometers. I 
recommended that a cover be placed over the water receptacle. The electrical 
thermometer was in good order. The screen on the tower required painting. 

Lowestoft, Jvly 19th. — There was no change in the thermometers. The 
tube of the maximum had slipped down. This I readjusted. The merctnry 
in the maximum thermometer had a tendency to run up 2® or 8^. I called 
attention to this, and requested that the thermometer might be hung with 
the bulb a little lower. 

Macclesfield, September Isf, — The thermometers were all correct except 
the wet bulb, which had gone up 0°'l. One of the hinges of the door of the 
screen was broken and needed repairing. 

NoRTHWicH, July 26th, — The thermometers required to be rearranged and 
the screen painted. The lower part of the tubes of the dry and wet-bulb 
thermometers not being readable, owing to the piece of wood across thietai, 
I had this cut so that the tubes are now quite dear. The minimnm had 
0^-6 of spirit up the tube. 

Ravensthobpe, Avgmt 2nd. — The dry and wet-bulb thermometers had 
gone up 0^-2. I recommended that the minimum be set horizontal and 
fixed tighter, to prevent vibration, and also that a cover be pat ovelr tiie 
water receptacle. A board with holes has been placed at the back of the 
stand, and is painted white. 

Rothbury, Aufjiist 19th. — The wet-bulb thermometer was not world&g 
properly, as the muslin was out of order. I altered the position* of the tnicd- 
mum and minimum, and also put on fresh back-plates with slottf. As there 
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was a piece of wood across the tabes of the dry and wet-bulb thermometers 
at about 25*^1 1 recommended that this should be cut away, so that the 
column of mercury might be seen entire. 

BouNTON, August 18ih, — ^The instruments were in good order, except the 
black-bulb maximnm in vacuo, which had lost its index. As the wooden 
stick carr3dng the earth thermometer was rotting away, I recommended that 
it be bound round with wire. The observer was requested to give special 
attention to the wet-bulb thermometer during frost. 

ScALSBT, August 26th. — ^The muslin on the wet-bulb was dry, and had 
not been kept in good order. The tubes of the dry and wet thermometers 
being loose, I put on fresh brass loops and screws. The screen required 
painting. 

SoAfiBOBOUGH, Julff 12th. — The observations are now taken by Dr. Monk, 
the Medical Officer of Health. The instruments are placed in a small 
garden with a very confined exposure. It is the only place available without 
going to such a distance that the instruments would not be under the super- 
▼ision of the observer. The garden is about 200 feet east of Mr. Robinson's 
(the former observer), and is on the same level. The rain gauge is some- 
what sheltered on the north-east by a tree which makes a considerable angle. 
I recommended that some branches of the tree be lopped. The screen 
required painting, and the thermometers rearranging. 

Sbathwaitb, August 28th. — There was no change in the thermometers. 
I altered ihe position of the maximum and put on new back-plates. The 
amount of cloud appeared to be over estimated. 

EbmnLBTTOM, Julg 19th. — ^The instruments were all in good order, except 
the minimum, which had gone down 0^*5. As the Rev. 0. J. Steward had 
two earth thermometers at 4 feet, one in a drain pipe and the other in an 
iron pipe, I suggested that the former should be put at 1 foot. 

Ek>UTHWBLL, September 6th, — ^AU the thermometers were correct except 
the earth thermometer which had gone up 0^-1. The glass ball of the sun* 
ahiiie recorder was not quite in the centre of the frame. This I readjusted. 
The traces show that the sunshine has not been recorded in the morning 
before 5 a.m., while in the evening it has been recorded up to 8 p.m., and 
on June 9th, 1892, up to 8.5 p.m. 

Sutton Goldvikld, August 1st. — ^The instruments have been moved to a 
ate about 100 feet south of their former position. They are somewhat close 
to two ponds of water. The observations since January 1st have been taken 
only once a day, viz. at 9 a.m., instead of twice a day, viz. at 9 a.m. and 
8 pjn.f as formerly. I recommended that a cover should be put over the 
irater receptacle. The screen required painting. 

Tbobssbt (North), July 14th. — ^The instruments are placed in a paddock 
between the Rectory and the Ohurch, and are well exposed. The ground is 
flat from the sea to the Wolds. North Thoresby is about 5 miles from the 
sea, and 2 miles from the Wolds. There was no change in the thermo* 
nieters, which are those which the Rev. H. Garrett had formerly at South* 
AB^itoiL The muslin on the wet bulb was dry, the cotton not conducting 
poroperly. I recommended that a cover be placed over the water receptacle* 
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Thxjklow, September 27th, — ^The muslin on the wet-bulb was dry, the 
cotton not conducting properly. I altered the position of the screws of the 
maximum thermometer as the mercury was liable to run up the tube. I 
recommended that the thermometers should be read to tenths instead of to 
whole degrees, and also that more attention should be given to the wet bulb. 

UsHAw, August 18th. — The thermometer screen required painting and 
strengthening. A new rain gauge was necessary as the existing one was com- 
pletely worn out. I recommended that a cover be placed over the water 
receptacle. 

Wakefikld, July 10th. — ^There was no change in the thermometers. The 
screen required painting and the thermometers re-arranging. As the water 
receptacle was liable to be burst in frost, I recommended that a fresh one 
with a cover be obtained. The observations will in future be entered direct 
in the original observation book instead of on loose pieces of paper. 

Windermere, August 29th. — The instruments are placed in a small yard 
or garden, the exposure is consequently very confined. The rain gauge is 
placed on a wall 6 feet above the ground. Mr. Mackereth has had, however, 
three gauges placed in open situations, and always found that they collected 
the same amount as that on the wall. 

Worthing, October 11th, — I called on Mr. G. B. Collet at 8helley House 
and found him willing to carry on the observations so ably taken by the late 
Mr. W. J. Harris during the past 26 years. I selected a site for the instru- 
ments, which would be put in position before the end of the month. 

Wryde, July 17th. — There was no alteration in the thermometers, but 
I found that the maximum read too high by the mercury having a tendency 
to run up the tube. This I remedied by lowering the bulb and also by 
tightening the screws to prevent vibration. The tube of the mitTimnm 
thermometer had slipped down about a degree. This I readjusted. 



APPENDIX IV. 
OBITUARY NOTICES. 



Henry Fbancis Blanford, who died after a protracted illness on Janu* 
ary 28rd, 1898, was born in 1884, in Bouverie Street, in the house now the 
offices of the Daily yews. He was one of the students of the Royal School 
of Mines at its opening in 1851, and like other meteorologists, such as the 
late Prof. Buys Ballot, Prof. Mohn, and Mr. Scott, his earliest work was 
Geological. He studied at Freiberg for a year, and joined the Geological 
Survey of India in 1856. He had to leave that service in 1862, as his 
health would not stand the exposure to climate involved in geological 
exploration, but in those seven years he did work, the permanent value of 
which has been thoroughly recognised. 

In 1862 he joined the Educational Department, and was soon appointed 
Professor of Physics in the Presidency College of Calcutta. He began to 
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devote himself to meteorological inquiries, and when the Calcutta Cyclone 
of October 1864 forced on the notice of the Government the desirability of 
organising storm warnings, Mr. Blanford was appointed Honorary Secretary 
to the Meteorological Committee, charged with the arrangements for a 
tentative scheme of this nature. Soon after he was formally appointed 
Meteorological Reporter to the Government of Bengal, aud in 1876 he was 
finally constituted Director of the Central Office, or Meteorological Beporter 
to the Government of India. In March 1887 he took furlough for 21 months, 
and on its expiration he retired. 

His Indian Meteorologists Vade Mecum^ published in 1877, is the best 
book of Instructions for all tropical countries, and in his Weather and 
CKmates of India, published in 1889, he gives the results of his life's work 
in the investigation of the Climate of the Indian Peninsula. 

The Indian Meteorological Memoirs contain numerous papers from his 
pen, and his name also appears in the Boyal Society's ProceedirujSy and in 
the Philosophical Transactions^ as well as in the Proceedings oj the Asiatic 
Society of Bengal, He became F.R.S. in 1880, and was an honorary 
member of several foreign Meteorological Societies. 

He was elected a Fellow of this Society on November 20th, 1878, and 
served on the Council from 1888 to 1891. B. H. S. 

Sib Andrew Clabk, Bart., M.D., LL.D., F.R.S. , was bom on October 28th, 
1826, at Aberdeen, and educated at the Universities of Aberdeen and 
Ildinburgh, where he highly distinguished himself. He graduated M.D. at 
Aberdeen in 1854, and became a Surgeon in the Royal Navy and later on 
Pathologist to the Royal Naval Hospital at Haslar. 

However, it was not until he came to the Metropolis, and was appointed 
a member of the Medical Staff of the London Hospital, that he made his 
mark. By long and patient study of morbid anatomy, he became first a 
great pathological teacher, and, connecting this with bedside experience, 
a distinguished clinical lecturer, attracting crowds of admiring students and 
practitioners. He subsequently became involved in a large consulting 
practice, which he retained up to his death. 

Sir Andrew Clark was President of several of the Medical Societies, 
including the Medical, the Clinical, and Hunterian, and at the time of his 
death presided over the Royal Medico- Chirurgical Society, in whose debates 
he took a warm interest. But of late years, his principal public work was 
in connection with the Royal College of Physicians, in which he held the 
various offices of Examiner, Croonian and Lumleian Lecturer, and even- 
tually President, which office he held up to the last with the greatest dignity 
and ability, and with the utmost devotion to the interests of the College and 
of the Medical Profession. He was attacked with apoplexy while seeing 
his patients as usual, and died, as he would have desired, at his post, on 
November 6th, 1898, aged 67. 

His chief characteristics were, first, his untiring energy and extraordinary 
power of work; secondly, his great sympathy with suffering, and ready 
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resource in its alleviation; thirdly, his eloqaence, hoth of speech and of 
pen, which enabled him to elucidate most complex questions, to champion 
with success many a good cause, and last, but not least, to give his medical 
directions in such clear language that they could not be misunderstood. 

Sir Andrew Clark's funeral service, November 11th, 1898, was held in 
Westminster Abbey, and largely attended by his friends and patients, among 
them Mr. Gladstone, who was a pall bearer. He was buried at Essendoni 
in Hertfordshire. 

He was elected a Fellow of this Society on April 20th, 1892, and always 
expressed much interest in Climatology. C. T. W. 

Daniel CoLiiADON was bom at Geneva, Switzerland, in the year 1802, 
and educated in that town. In early life he took much interest in Physical 
Science, and evinced considerable aptitude in experimental inquiry in Natural 
Philosophy. At 28 years of age he had to conform to the law of the 
country and undergo military training, which he appears to have rather 
enjoyed. We next find him engaged for two years attending lectures in 
Philosophical Science at the Geneva Academy; during that time his in- 
quiring turn of mind set him to work on various topics, and in 1825 he 
published a paper together with Dr. Prevost, of Geneva, on a phenomenon 
described by Arago concerning the influence of metallic plates on magnets. 
Arago was then the centre of the physical world on the Continent, and it 
is not surprising that Colladon should have felt a great desire to make his 
acquaintance. With this object he proceeded to Paris in company with 
Sturm, who subsequently distinguished himself greatly as a physicist and 
mathematician. 

On his arrival in Paris, Colladon found that the great topic of interest was 
the construction of a passage under the Thames, with which the engineer, 
Mr. Brunei, was actively engaged; the tunnel had then reached half way 
under the river, when suddenly a violent irruption of water took place, and 
the works had to be interrupted. Colladon then suggested to Mons. de 
Lessert, who had subscribed largely to the funds required for tiie under- 
taking, that it might have added to the safety of the boring to undertake the 
work under compressed air, one or two atmospheres being probably suffi- 
cient, supposing the tunnel to be closed by an iron shutter and the air com- 
pressed within it by means of powerful pumps. Colladon put his suggestion 
in writing, and the letter was forwarded to Brunei, but no answer was 
ever returned to it. It seems, however, that on a later occasion Brunei 
recollected Colladon's suggestion. 

Colladon while in Paris became acquainted with Arago, Amp^e, and 
Humboldt, and was naturally led to investigate the subject of electricity. He 
succeeded in causing a deviation of the magnet through the agency of an 
electric friction machine, and up to that time such an effect was only known 
to be produced by a voltaic pile. Colladon's attention was next turned to 
atmospheric electricity. A metallic point was fixed to the end of a long 
rod, land this ^e erected on tiie Observatory of the ** CoQege de France, 
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and placed alongside of the lightning conductor, which it exceeded in height 
by more than one metre. The point was enclosed in a glass tube and two 
conductors, isolated by means of silk let down from the end of the point 
into a room where they were fixed to a galvanometer Colladon himself had 
invented. A storm occurring at the time, no sooner was the apparatus 
monnted than the needle of the galvanometer was deviated in such a way 
as to show the electricity to be negative. Two days later another more 
violent storm occurred, and during 20 minutes the direction of the currents 
changed two or three times. Wishing to break the conductor at the moment 
of the maximum deviation of the galvanometer, Colladon received a succes- 
sion of powerful spark discharges. 

Shortly afterwards Colladon entertained the idea of determining the rate 
of truismission of sound through water, and returned to Geneva to carry 
out his experiments in the lake. This he did at night by placing a person 
at a distance of 14,287 metres, while he himself was in a boat; this person 
fired a rocket, and at the same moment struck a bell with a hammer, the 
bell being immersed in the lake ; the sound was perceived through a long 
tube bent at its immersed end, and widened somewhat like a trumpet ; the 
wide immersed extremity of tube was closed by a diaphragm. He observed 
the time required for the transmission of the sound with a watch. A great 
number of experiments were made, and finally Colladon found for the trans- 
mission of sound through water a speed of 1,485 metres per second. 

Atmospheric electricity was evidently a favourite study for Colladon, and 
in 1826 and 1827 he made some very interesting experiments near Geneva, 
selecting two stations at a difference of altitude of 780 metres. These 
observations confirmed the accepted opinion that in fine weather the atmo- 
sphere in plains, except where under the influence of trees, smoke or over- 
hanging buildings, is electrified positively at a few metres above the earth. 

About this time Colladon, who had given much attention to steam engines, 
became actively engaged as a Consulting Engineer ; we now pass over a 
portion of his career, mostly devoted to engineering, and coming to his 
researches more strictly meteorological, we find him busy with observations 
on hail. 

He was led to his theory of the formation of hail by a phenomenon he 
remarked in waterfalls, where he had observed an upward current of air to 
be produced by the falling water, this current causing an upward nEiotion of 
the water particles on the outer layer of the fall. According to Colladon*8 
theory, the production of hail is owing to the formation of a vertical de* 
scending air current produced by a sudden and heavy shower ; this current 
leaves behind a vacuum, or a considerable fall of pressure, mostly located in 
the clond from which originated both the shower and the hail. Thus, in 
that clond there is a permanent indraught of air as long as the storm lasts. 
This indraft brings to the cloud cold and dry air from above, as well as air 
from below, the upper air being strongly electrified and possibly mixed with 
aeienlar ice crystals or drops of water in the process of freezing. The draught 
Ihtu prodneed would divide the cloud into a number of portions differently 



108 BBPOBT OF THE OOtJNOIL. — ^APPEKDIX tV. 

electrified, and consequently the hailstones would be attracted and repelled 
by these separated cloud masses, increasing in size all the while. 

This view on the origin of hail led Colladon to inquire into the formation 
of tornadoes, and he contended that tornadoes were not all descending, as 
was thought to be the case according to Fay's law, but that they are some- 
times ascending. He founded this view on numerous observations of whirl- 
winds, in which dust and various terrestrial objects were lifted into the air 
by a tornado and deposited at some distance from the spot over which the 
tornado had passed. One of the most interesting of those observations 
iQBlates to a tornado which passed over the town of Geneva, and swept within 
its sphere of action a quantity of clothes hung up to dry; the circular 
movements of these clothes mixed with masses of dust indicated clearly the 
gyration of a column of air 8 metres in diameter ; he estimated the height of 
this tornado at 600 metres. 

The effects of lightning on trees and plants were subjects of great interest 
to Colladon, and he examined these effects closely on poplars, oaks, elms, 
cherry trees, pear trees, firs, cedars, horse chestnuts, walnut trees, plane 
trees, and vines. With reference to poplar trees he was surprised to find 
that in some instances no signs of being struck by lightning could be seen 
on the upper four-fifths of the tree. He noticed in one case two longitu- 
dinal wounds in the bark, in the middle of which there appeared a longitu- 
dinal slit 1 or 2 millimetres in thickness, where the blade of a knife could 
be inserted to a depth of 8 or 4 centimetres ; along those slits two well 
defined bands or lips were visible 4 or 5 millimetres in breadth; these 
bands were coloured light brown, like wood dried in an oven, but the most 
remarkable feature was the occurrence of seven perfectly round spots 8 to 
10 millimetres in diameter, disposed along the slit at a mean distance of 
1*80 metre above the soil. 

He described as follows the lightning spots on a fir tree: — "On the 
inferior portion of the trunk, at a height of 2*60 metres, ten circular spots 
could be seen placed along a fissure in the wood. These circles or spots 
vary in diameter from 8 to 5 centimetres ; they are situated at the surfiioe 
of the young wood, their colour is dark brown, slightly darker near their 
circumference ; they have a depression at the centre from 1 to 2^ millimetres 
in depth. Those ten circles arc traversed by the slit which intersects them 
either through their centre or at the sides." Summing up the subject of 
those spots, he remarks that he has observed them on eight different trees. 

He finally observed the effects of lightning on vineyards. In vineyards 
struck by lightning he found that the damaged extent distinguished itself 
from the rest of the plantation by the presence of numberless spots on 
many of the leaves of a brick red colour. These spots were irregular, and 
covered a third, or perhaps half, the surface of the leaves. Other irregular 
spots were also observed, exceeding the former in number and coloured 
dark blackish green. He leaves it an open question whether the dark green 
spots become or not the seat of the brick-red coloration ; according to the 
manager of a vineyard under Colladon*s observation, the dark green spots 
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were the primary effects of the lightning, and after some days they assumed 
the brick-red colour. Colladon had opportunities for the examination of 
17 different vineyards struck by lightning; in nearly every case a circular 
or elliptie region from 8 to 18 metres in diameter had suffered. 

Colladon was greatly distinguished as an Engineer, and perhaps his most 
remarkable invention was his perforating machine, worked by compressed 
air, which was successfully used in the Mont Cenis Tunnel. He was also 
Ph>f68Sor of Mechanics at the i^cole Centrale of Paris and Academy of 
Geneva. The author of this biographical notice had the pleasure of 
Colladon's personal acquaintance, and will ever recollect his kindly and 
genial welcome. 

Daniel Oolladon died on June 80th, 1898, and was therefore in his 91st 
year of his age, his active mind being at work to the very last. He wrote an 
autobiographical volume, from which the present notice of his life has been 
extracted. 

He was elected an Honorary Member of this Society on May 18th, 1888. 

W. M. 

Pbofessob Henri Maki^ Davy, who died at Glamecy, Ni^vre, in July at the age 
of 72 years, had been elected a Foreign Member of this Society on April 17th, 
1878. He took his Doctor's degrees in Medicine, Physical Sciences and Mathe- 
matics in Paris, in 1840, and he successively held Professorships of Physics 
at various provincial Colleges in France. Rouen was one of these. Soon after 
the organisation of the Meteorological Service at the Observatoire de Paris, 
he was appointed by Leverrier to superintend that department of the ob- 
servatory work. In 1866, he brought out his Meteorological work Lfs 
MouvemenU de r Atmosphere et Its Variations du Temps, a book which 
reached a second edition in 1877. 

Differences of opinion between Professor Mari6 Davy and his chief severed 
the relations between them, and he left the Observatory some time before 
1870. After the war, in 1878, he came back to Paris as Director of the 
Montsouris Observatory, an establishment in relation with the Paris Munici- 
pality, where, as is well known, not only Meteorology, but the microscopic 
examination of air and rain and Terrestrial Magnetism are prosecuted. 
He held that post until 1887. 

Hknbt Edwabd Stanley, Eabl of Derby, was bom in July 1826. He 
was educated at Rugby, under Arnold, aud at Cambridge, where, as a student 
of Trinity College, he gave promise of his future success in life. He 
obtained a drst-class in the classical tripos, and also took honours in mathe- 
matics. 

From 1848 to 1869, when he succeeded his still more celebrated father, the 
fourteenth Earl of Derby, he represented the borough of King's Lynn. He 
entered upon a long and eventful Ministerial career at the exceptionally early 
1^ of 26, his first office under the Crown being the not unimportant one of 
Voder Secretary of the Colonies, Subsequently Lord Palmerston, anxious 
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f^m 1847 to 1857 the county of Middlesex. On Lord Grey becoming Prime 
Minister in the automn of 1880, Lord Ebury, tHen Lord Robert Grosvenor, 
became Comptroller of the Household, and in Lord John Russell's Ministry ot 
1846 he resumed office as Treasurer of the Household and Groom of the Stole 
to the Prince Consort. Eleven years later he received, on the recommenda- 
tion of Lord Palmerston, the honour of a peerage, taking his seat in the Upper 
House as Lord Ebury. At the time of his death, on November 18th, 1898, 
he was the oldest member of the House of Lords. He was also far the 

ft 

oldest Privy Councillor, having been a member of that body some years 
when the Queen came to the throne. 

As a politician Lord Ebury filled no considerable space in the events of recent 
years. He was much more concerned with matters of philanthropic and 
religious interest, in which he was frequently associated with the late Lord 
Shaftesbury. 

Lord Ebury always took a great interest in Meteorology, and in 1838 served 
on the Council of the original Meteorological Society of London. In the 
following year he was elected President, and continued to hold that office until 
the dissolution of the Society on August 14th, 1850. Lord Ebury joined 
the newly formed British (now the Royal) Meteorological Society on May 7th, 
1850, and was then elected Vice President, a position which he occupied till 
May 27th, 1856. 

WhiIiah John Habhis was educated at the Merchant Taylors* School, and 
afterwards proceeded to St. Bartholomew's Hospital for the study of medi- 
cine. He joined his father in practice at Worthing, and ultimately became 
one of the leading medical men of that town. 

He became M.R.C.S. in 1859, and was a member of several Medical 
Societies. He was President of the South-Eastem Branch of the British 
Medical Association, 1886-7. 

Mr. Harris took a prominent part in all the social, philanthropic and 
educational movements in Worthing. He was a member and for several 
years Chairman of the Local Board. 

He suffered much from paralysis during the last few years of his life, and 
retired from practice about a year before his death. He died from t3rphoid 
fever on August 28th, 1898, aged 55 years. 

Mr. Harris was greatly devoted to IMeteorology, and took observations at 
Worthing from 1867 to the time of his death. 

He was elected a Fellow of this Society on November 20th, 1867, and 
served on the Council for 1875. 

Thomas Hawksley was bom at Nottingham in 1807. He was educated 
as an architect and surveyor, but, having an inclination for mechanical pur- 
suits, he studied diligently the sciences necessary to enable him to practise 
as a civil engineer, and with such success that in 1880 he undertook the 
construction of new waterworks for his native town. The knowledge and 
pkill he e^ibited i|^ these works led to more practice in other districts, and 
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in 1852 he removed his offices to London, where hefore long he took the 
highest rank in that branch of engineering having to do with water and 
gas supply, and with drainage and hydraulic works generally. 

Mr. Hawksley was accustomed to say that he had constructed above IffO 
waterworks, many of the largest character; and that there were no im- 
portant towns in Great Britain, and indeed very few great cities in the 
civilised world, in regard to which he had not been professionally consulted 
in some way or other. He is especially celebrated for having been the first 
to suggest and to carry into practice the system of " constant service " in 
water supply, which combined the most free and ample provision of water 
with the almost perfect repression of waste, and with greatly improved 
sanitary conditions. The introduction of the system involved many diffi- 
culties and much opposition ; but he always spoke of his success in it with 
great satisfaction and pride. 

It must not be supposed that municipal engineering in the days of Mr. 
Hawksley's early practice meant simply building and mechanical operations. 
It involved often grave and novel considerations, and it was his merit to 
bring to bear upon them accurate scientific knowledge and careful study. 
The lucid and skilful manner in which ho was in the habit of applying 
scientific principles to his professional practice was well known to engineen 
generally: ** Mr. Hawksley's formulae," ** Mr. Hawksley's data," "Mr. 
Hawksley 's general results," and so on, were continually adopted as 
familiar guides by his professional brethren, and were quoted as authorities 
against which there could be no appeal. 

On one occasion he had to advise on the drainage of one of the largest 
towns in the kingdom, and a question arose involving some artificial hydraulic 
conditions of much greater magnitude than usual. Doubts were expressed as 
to the feasibility of bis scheme ; but Mr. Hawksley had a strong impression 
that the ordinary rules, based on comparatively small experiments, did not 
apply. He accordingly examined the question thoroughly, bringing to his 
aid certain recent hydraulic researches by eminent French mathematicians ; 
and, with the help of the writer of this notice, he succeeded in showing the 
practicability of the plan by an amount of scientific evidence which, while 
it was perfectly new, was absolutely incontrovertible. 

Mr. Hawksley was President of the Institution of Civil Engineers for the 
years 1872 and 1878, and of the Institution of Mechanical Engineers in 
1876 and 1877. 

In 1876 he was elected President of the National Association of Social 
Science, holding their meeting at Liverpool, when he gave an address 
especially remarkable for its happy application of statistics to sanitation. 
He was a clever and lucid writer, and his keen appreciation of scientific 
reasoning gave weight to his opinions. 

He was elected a Fellow of the Royal Society on June 6th, 1878, as 
being ** especially distinguished for the application of Science to Hydraulic 
Engineering." 
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Mr. Hawksley was blessed with a oonstitation which prolonged his life 
and energy much beyond the ordinary lot of man. In the beginning of 
September 1898, 68 years after his appointment as engineer to the Nottingham 
Waterworks, he undertook one of his customary tours of inspection of his 
works in progress in distant parts of England ; but a fortnight afterwards he 
was attacked by a sudden and formidable disease, which his aged frame was 
not able to resist, and he died at his residence at Kensington on September 
28rd. 

He was elected a Fellow of this Society on January 22nd, 1866. 

W.P. 

Gboboe Mathews Whtpplb was bom at Teddington in 1848, where his 
father at that time held the position of Master of the Public School. He 
was educated at the Grammar School at Kingston, and at the age of 15, in 
1858, he was first engaged as a boy at the Kew Observatory, at which 
establishment he was connected for the rest of his life. He became Mag- 
netic Assistant in 1862, and in 1876 was appointed Superintendent. 

In discharge of his various duties in connection with that Observatory, 
Mr. Whipple became identified with the progress of most of the researches 
carried on there during the long space of 86 years. Among these we may 
specially mention the pendulum experiments made for the purposes of the 
Qreat Trigonometrical Survey of India, and the anemometer experiments at 
first commenced under Mr. Jeffery at the Crystal Palace, and later carried 
on with Mr. W. H. Dines at Horsham, the results of which have appeared 
in the Reports of the Wind Force Committee in the Quarterly Journal, 

Mr. Whipple was the author of the magnetic portion of the Krakatoa 
Report. 

He communicated several papers to the Proceedings of the Royal Society , 
and our own Quarterly Journal contains no less than 22 papers bearing his 
name either as sole or joint author. 

He served on the Council from 1876 to 1887, for two years acting as 
Foreign Secretary. He was a B.Sc. of the London University, a Fellow of 
the Royal Astronomical Society, and an active Member of the PhysicaL 
Society. 

He died on February 8th, 1898, after a long and very painful illness, at 
the age of 60 years, and all who knew him mourn his loss as a thoroughly 
conscientious worker, a most courteous official, and a warm friend. 

He was elected a Fellow of this Society on April 18th, 1874. 

R. H. S* 
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Andbbsom, a. C— The Dominion at the West, a brief description of the 
province of British Columbia, its climate and resources. 8°. (1872.) 
B[i7BT0n] , R.— The surprizing miracles of nature and art. 24mo. (1688.) 
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CoLLKcnoN of meteorolwical outtings from the ChnUeman*M Magazine, London 
Mai^azine^ and Oniversal Afagazine, 1785 to 1758. 

Davt, J. — Notes and observations on the Ionian Islands and Malta. Two 
vols. S\ (1842.) 

EuK, J. A. van. — Meteorologisohe Waarnemingen, gedaan voor de Maalsohappy 
Felix Mentis, te Amsterdam. Van V Dec 1849-l'l>ec. 1852. F". (1850;a.) 

Francois, B. — Essay des merveilles de nature, et des plus nobles artifioea. 
Neufi^me Edition. 8^ (1644.) 

Fuller, A— South Africa as a health resort Second edition. 8°. (1889.) 

GooDissoN, W. — ^A historical and topographical essay upon the islands of Com, 
Leucadia, Gephalonia, Ithaca, and Zante. 8°. (1822.) 

. Hall, C. B. — ^Torquay in its medical aspect as a resort for pulmonary invalids. 
12°. (1857.) 

Hbllmann, G. — Neudmcke von Schriften und Earten Uber Meteorologie und 
Erdma^etismos. No. 1. L. Beynman. Wetterbiichlein von wahrar Er- 
kenntniss des Wetters. 1510. Facsinuledruck mit einer Einleitui^. 4°. (1898.) 

No. 2. Blaise Pascal. B^cit de la Grande Experience de 

r^quilibre des Liqueurs. Paris, 1648. Facsinuledruck mit einer Elinleitung. 
4^ (1898.) 

Hillary, W. Observations on the changes of the air, and the concomitant 
epidemical diseases in the Island of Barbadoes. 8°. (1759.) 

HuoHES, S. — A treatise on Waterworks. New edition. 12^ (1875.) 

Humboldt, A. de — Asie CJentrale. 8 vols. 8^ (1848.) 

Huxley, T. H.— Physiography. 8^ (1890.) 

Index Geooraphicus ; compiled specially with reference to Keith Johnston's 
Boyal Atlas. 8^. (1864.) 

Kebbkll, W.— Tlie climate of Brighton. 12**. (1859.) 

L'AsTRONOMiK, 1898. 8^ (1893.) 

Lawson, H. — A paper on the arran^ment of an observatory for practical 
Astronomy and Meteorology. 8°. (1844.) 

[M , J. B.]— A companion to the Anglo Cliinese Ealendar, 1882. 

8^. (1882.) 

Macmab, J. — Catechism of the Law of Storms for the use of sea officers. 
New and enlarged edition. 8"*. (189 J ) 

Madden, T. M.— On change of Climate. 8^ (1864.) 

Mather, I. — ^An essay for the recording of illustrious Providences. 8°« 
(Library of Old Authors. Beprint.) 

Metcalfe, S. L.—Caloric. In 2 vols. 8°. (1848.) 

Metborolooical Beoister kept in Sussex (probably at or near Petworth), 
June 1772 to June 1778. F'. (MS.) 

New Brunswick, St. John, Board of Trade. — Beport of the Special Com- 
mittee on the Bay of Fundy and Harbor of St. John, N JB. 8**. (1887.) 

Official Year Book of the Scientific and Learned Soczbtibs of Great 
Britain and Ireland, 1898. 8°. (1898.) 

Peel, W— A ride through the Nubian Desert. 8°. (1852.) 

Smollett, T. — Miscellaneous works. Vol. V. 8°. (1800.) [Gontaina a 
register of the weather at Nice, Nov. 1763 to March 1765.] 

Vince, S. — An account of a very remarkable Waterspout at Bamsgate in the 
aftemoonof July 16, 1810. 4°. (1815.) 

Waldo, F.— Modem Meteorolo^. 8^. (1898.) 

Whistlecraft, O. — Meteorological Journals kept at Thwaite, 1827-1892. 24 
vols. (MS.) 
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ADffTjttDB, Obsbbyatort.— Meteordogical Observatioos made at the Adelaide Obser- 
VHh«t>7 <^"d other places in South Australia and tbe Northern Territory, IHSi-B aitd 
lBJC.-^iBf>infal1 in South Australia and the Northern Territorjr, Aug. 1882 to Jvdf 1893« 
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Allahabad, Hbtbobolooical Office. — ^Annual statement of Bainfall in the North- 
Westem Pftmnees and Oadh, 1892. 

Babbadobs, Colonial Sbobbtabt's Office.— Betums of Bainfall in Barbadoes, Deo. 
12, 1892, to Dec. 3, 1893. 

Batayia, Magnetical and Mbtbobolooical Obsbryatobt. — Observations, 1891.— 
Bainfall in the East Indian Archipelago, 1891. 

Bbbun, Dbutsohx Metbobologischb Gbsbllschaft. — Meteorologisohe Zeitsohrift, 
Dea 1892 to Noy. 1893. 

Bbbum, Obbbllschaft rtn Ebdkumde.— Verhandlnngen, Band XIX. No. 9 to Band 
XX. No. 7.— Zeitsohrift, Band XXVH. No. 4 to Band XXVIII. No. 3. 

Bbblin, EdN. Pbeuhs. Mstbobolooibchbs iNSTiruT.—Bericbt iiber die Tbatigkeit, 
1891 and 1892.— Ergebnisse der Beobaohtungen an den Stationen U. nnd IIT. Ord- 
nnng 1893.— Ergebnisse der meteorologischen Beobaohtangen, 1892, Heft 2.— Ergeb- 
niase der Niederschlags-Beobaohtungen, 1891. 

Bombay, liBXEOBOLooiCAL Office.— Brief Sketch of the Meteorology of the Bombay 
Prendeni^, 1891-3. 

BoeroN fliAss.), Blub Hill Obsbbyatobt. — Measnrements of oload heights and 
velocities ; by H. H. Clayton and S. P. Fergusson.— Obseryations, 1891. 

Boston (Mass.), New England Weathbb Sbbvice.— Bulletin, Deo. 1892 to Not. 1893. 

Bbbmbn, Mbteobolooibchb Station. — Ergebnisse der meteorologisohen Beobaoh- 
tangen, 1891. 

Bbisbanb, Chief Wbatheb Bubeau.— Meteorological Beport, 1888-91.— Notes on 
some of the more common diseases in Qaeenidand in relation to atmospheric conditions, 
1887-91, by Dr. D. Hardie.— Summaries of rainfall in Queensland, Oct. 1891 to Sept. 
1892. 

Bbisbact, Oenzbal Bbgisteb Office. — Annual Beport by the Begistrar General of 
Queensland, 1892.— Beport on the yital statistics. Not. 1892 to Sept. 1893. 

Bbibbanb, Queensland Bbanch of the Botal Geogbaphical Society of Aubtbalasia. 
— Ph>oeediiig8 and Transactions, Vol. YHl., 1892-3. 

Bbussbls, AoadAmie Boyalb.— Annuaire, 1892-8. Bulletins, Tomes XXIL-XXV., 
1891-8. 

BBU88EL8, Instxtut NATIONAL DB GioGBAPHiE. — Bulletin M6t4orologique, Deo. 1892 
to Nov. 1893. 

Bbubbblb, Obbbbyatoibb Boyal DB Belgique.— Annales. Observations m6t6oro* 
Jogiques d'Uode, June to Dec. 1892.— Annuaire, 1893. 

Bxtdafest, K. Ung. Centbal-Anstalt fCb Mbteobologie und Ebdhagnetismub.— ^ 
Jahrbuoh, 1890. 

Bukhabest, Institut MiTiiOBOLOGiQUE DB BouMANiB. — Aunalcs, 1890. — ^Bnletinul 
Observatiunilor Meteorologice din Bomania, Aug. and Deo. 1892, and Jan. to Nov. 
1893. — ^Besum6 des Observations Mdt^orologiques de Bukharest (Filaret) pour 1890, 
et pour la p^riode de 1885-90, par S. C. Hepites. 

Caibo, SociiT^ KnisDiviALB db GioGBAPHiB. — Bulletin, Ille S^rie, Nos. 11 and 12. 

Calcutta, Mbtbobolooical Dbpabtmbnt of thb Gk)yERNMENT of India. — Cyclone 
Memoirs, No. 6. Account of the three cyclones in the Bay of Bengal and Arabian Sea 
during Nov. 1891, by J. Eliot. — Daily Weather Charts of the Indian Monsoon Area, 
Jan. 1 to July 17, 1893.— Indian Daily Weather Beports, Deo. 5, 1892, to Dec. 3, 1893. 
— ^Indian Meteorological Memoirs, Vol. IV. part 8, and Vol. V. parts 2 and 3.— Memor- 
andum on the snowfall in the mountain districts bordering Northern India an<l the 
abnormal features of the weather in India during the past five months [Jan. to MayJ , 
with a forecast of the probable character of the South-west Monsoon rains of 1893.^ 
Monthly Weather Beview, June 1892 to July 1893— Bainfall data of India, 1891 end 
1892. — ^Begisters of original observations, reduced and corrected, June 1892 to July 
1893. — ^Beports on the Administration of the Meteorological Department of the Govern- 
ment of India, 1891-3. — Report on Calcutta Cyclone of Oct. 5, 1864 ; by Lieut.-Col. 
J. E. Gastrell and H. F. Blanford. 

Cafe Town, Meteobological Commission. — Beport, 1892. 

Chemnitz, K5niol. sachsisches mbteobolooisches Institut. — Das Klima des 
Kdnigreiohes Saohsen. flefte 1 and 2.— Ergebnisse der meteorologisohen Beobaoh- 
tungen, 1892, 1. Halfte.— Jahrbuch, 1891, part 3, and 1892, part 3. 

Chbibtiania, Nobsxb Mbteobologiske Institut. ^Jahrbach, 181) 1. — Nfdborhoid«n i 
Norge, beregnet after observationer 1867 til 1891 af det Meteorologiske Institut. 

Colombo, Subvbyob Genebal's Office. —Report on the Meteorology of Ceylon, 1892. 

GoPMNBAOBN, Danske Meteobolooiske Institut. — Bulletin M6t6oroIoKique du Nord. 
Dm. 1892 to Oct. 1893.— Meteorologiek Aarbog, 1890, part 2, and 1892, part 1. 

CooDOBA, AoADBMiA NAaoMAL DE CiBNCiA8.^Boletin, Tomo X., part 4, and Tomo 
XL, part 4. 

Obaoow, K. K. Stbbnwabte.- Meteorologisohe Beobaohtungen, June 1892 to July 
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Obotdon, Micbosoopical and Natttbil Histobt Olub. — Daily Rainfall in the Oroydoii 
distriot, Deo. 1892 to Oct. 1893.— Report of the Meteorological Sab-Oommittee f6r 1898. 

DoBPAT, Obsbbyatobium.— Meteorologiflche Beobacditimgen, 1892. 

Dublin, Gbnbbal Bboibtxb Officb. — ^Annual Report of Uie RegiBtrar-Gtaneial 
(Ireland), 1891.— Weekly Retoms of Births and Deaths, 1893. 

Dublin, Rotal Ibish Academy. — Proceedings, Third Series, VoL XL Nos. 8-6, and 
Vol. m. No. 1.— Transactions, Vol. XXX. parts 1-10. 

Edinbuboh, Fishebt Boabd roB Scotland.— Annual Report, 1892, part 8. Sdentifie 
InYestigations. 

Edinbuboh, Genbbal Reoisteb Office. — Quarterly Retoms of the Births, Marriages 
and Deaths registered in Scotland for the foor quarters ending Sept. 30, 1898. 

Edinbuboh, Rotal Scottish Geoobaphioal Sooiett.— Scottish Gtoographioal 
Magazine, 1893. 

Edinbuboh, Scottish Meteobolooical Society.— Guide to Ben NoYis, with an 
account of the foundation and work of the Meteorological Obsenratoiy.— Joamal. 
Third Series, No. 9. 

FiuME, I. R. AccADEioA Di Mabina. — ^Mctcorological ObserYations, June 1892 to June 
1893. 

Gbneya, BocitTt DE GtooBAPHiE.— Le Globe, Tome XXXII. 

Glasgow, Philosophical Society.— Proceedings, Vol. XXIV., 1892-8. 

Gbeenwich, Royal OasEBYATORY.—Magnetical and Meteorological ObserYationa, 1890. 
— Report of the Astronomer Royal to the Board of Visitors, 1893. 

Hambubg, Deutsche Seewabte.— Aus dem AroluY, 1892.— Deutsche Clberseeiadhe 
meteorologische Beobachtungen, Heft V.— Ergebnisse der meteorologisohen Beobaoh- 
tungen in Deutschland, 1891.— Wetterbericht, 1893. 

HoNo Eono, Obsebvatoby. — Observations and Researches, 1892. 

Kablsbuhe, Gentbalbubeau fOb Meteobolooie und Hydboobaphu im QBOBaHxnaoo* 
THUM Baden. — Die Ergebnisse der meteorologischen Beobachtungen, 1892. — ^Nieder- 
Bchlagsbeobaohtungen der meteorologischen Stationen im Grossherzogthum Baden, 
1892, part 2. 

Eew, Obsebyatoby. — Report of the Eew Committee, 1892. 

KiEw, Obsebyatoibe MiT&oBOLOGiQUE DE L'tTNiYERsiT^. — ^Etudc BUT la oouohe do 
neige dans le Bassin du Dni^pre, Oct. 1892 to Jan. 1893.— ObserYations, 1892. 

loBON, EscuELA DE Instbuocion Secundabia.— Rcsumcn general de las obserYaeftooM 
meteorologicas, 1891. 

Lisbon, Sociedade db Geoobaphu. — Boletim, 11a Serie, No. 3 to 12a, Bene No. 2. 
Indices e Gatalogos. A. Bibliotheca, I. Obras Impressas. Primeiro Anneio. 

LiYEBPooL, Obsebyatoby. — Meteorological Results, 1889-91. 

London, Bbitibh Assocution. —Report, 1891. 

London, Colonial Office.— Annual Meteorological Report, Straits Settlements, 189S. 
— ^Annual Report of the Director of the Royal Alfred ObserYatory, Mauritius, 1891.— 
Frost in Hong Kong.— ObserYations and Researches at Hong Kong ObserYatory, 1893. 
—The cold wbyc of Jan. 1891 in Hong Kong. By S. B. J. Skertchly. 

London, Genebal Reoisteb Office. — Annual Sununary of Births, Deaths, and 
Causes of Death in London and other great towns, 1892. — Quarterly Retnma of 
Marriages, Births and Deaths, for the four quarters ending Sept 80, 1808. — Weddj 
Returns of Births and Deaths, 1893. 

London, Geological Society. — Quarterly Journal, Nos. 193 to 196. 

London, Institution of Elbctbical Enginebbs.— -Journal, Noe. 101 to 107. 

London, Juniob Enoineebing Society. — ^Record of Transactions, Vol. IL, 1891-2 

London, Metbobologioal Office. — AskYadren i Finland, 1891. Af A. F. SnndelL — 
Bulletin quotidien de TAlg^rie, June, July, and Noy. 1892 to Noy. 1898.— Diilj 
Weather Reports, 1893. — Hourly means of the readings obtained from the aelf-xooording 
instruments at the four ObserYatories under the Meteorological Counoil, 1889 tad 
1890. — Meteorological ObserYations at Stations of the Second Order, 1888.— Obaerra- 
tions made with reference to the Temperature of the Earth [1888-47] in the Garden of 
the Royal Horticultural Society at Chiswick. By R. Thompson. — ^Report of the Inter* 
national Meteorological Conference at Munich, Aug. 26 to Sept. 2, 1891.— Report of the 
Meteorological Council to the Royal Society for the year ending March 81, 1892.— 
Weekly Weather Reports, 1893.— Wypadki Spostrzez^n Meteorologiczn^dh dokonanjdi 
wroku 1889 na Stacyjaoh Meteorologicznych urzadzonych staraniem S^oyi IL 
Warszawskiego Oddzialu Towarzystawa popierania przemyolu i handlu. (TaU L) 

London, Photoobaphic Society of Gbeat Bbitain. — Catalogue of the labraiy and 
Museum, July 1893. 
London, Physical Society. — Proceedings, Nos. 47 and 48. 

London, Royal Agbioultubal Society.— Journal, Third Series, VoL IIL part 4 to 
Vol. IV. piurt 3. 

London, Royal Astbonoxioal SocnrT.^Monthly Notioea, Vol. LIIL No. 2, to VoL 
UV.Ko.lf 
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London, Botal BoTjkNio Soonn.— Quarterly Beoord, Nos. 52 to 55. 

London, Boxal Inbtitutxon or Gbbat Bbtoain. — ^Prooeedings, No. 86. 

London, Botal Sooibtt. — ^ProceedingB, Nos. 317 to 327. 

London, Sanitabt Institutb. — TranBaotions, Vol. XIII. 1892. 

London, Socibtt of Abtb. — Journal, 1893. 

Madrab, Mxtkobolooical OmoB. — ^Hourly Meteorological Observationfl, Jan. 1856 to 
Feb. 1861.— Madras Weather Chart, Noy. 1 to 16, 1898. 

Madmd, Obssbyaiobio.— Observaciones meteorol6gioas, 1890-1. — ^Besomen de las 
obeerraeiones meteorol6gicas efectuadas en la Peninsida, 1890. 

Madbid, Sogibdad Gbogbapzoa. — Boletin, Tomo XXXTII. No. 4 to Tomo XXXV. 
No. 3. 

Maodbbubo, Wbttbbwabtb deb Magdbbuboibohbn ZBiTTNo.^-Jahrbiidh, 1891. 

Manohbbtbb, Litbbabt and Philosophical Socibtt. — Memoirs and Proceedings. 
Fourth Series, Vol. YI. and Vol. YII., parts 1 to 8. 

Manila, Obsbbyatobio Mbteobolooico. — ^El Magnetismo Terrestre en FiUpinas. 
For el P. B. Cirera, S.J.— ObserYaoiones Yerifioadas, Oct. to Dec. 1891, and Jan. and 
March 1892. 

Mablbobouob, Oollbob Natubal Hibtobt Socibtt.— Beport, 1892. 

Mabsbillbs, ComassioN db MiT^oBOLOoiB du Dbpabtbmbnt DBS Bouohbb-du-Bhonb. 
— Bulletin Annuel, 1891. 

Maubxtiub, Botal Autbbd Obbbbyatobt. — Annual Beport of the Director, 1891. — 
Meteorological ObserYations, 1892. 

Mblboubnb, Obsebyatobt.— Beoord of Besolts of obserYations in Meteorology, Terres- 
trial Magnetism, <fto., July to Dec. 1892. 

Mbhoo, Cbntbal Mbtbobolooical Obbbbyatobt. — ^Anales del Ministerio de Fomento 
de la Bepnblioa Mezicano, Tomo IX.— Brief historical sketch of the meteorology in the 
Mexican Bepablio. — ^El Olima de la Ciudad de Mexico. Por M. Bdrcena. — General 
sammaiy of the meteorological obsenrations taken in scYcral localities of the United 
States of Mexico. — ^Besmnen del afio de 1892.— SexYioio PluYiometrico Besomen del 
ano de 1892. — Sommary of 16 years' obserYations (1877- 1892 j. 

Mbzzoo, Sootbdad CixNTincA ** Antonio Alzatb.'* — Memorias, Tomo YI. No. 3 to 
Tomo YIL No. 2. 

MiCHiaAN, Statb Boabd 'ov Hbalth. — ^Annual Beport of the Secretary for the year 
ending Jane 30, 1890. — Principal Meteorological Conditions in Michigan, 1890. 

Milan, B. Obsbbyatobio di Bbbba. — OsserYazione Meteorologiche, 1892. 

Moscow, fio<xtrk iMPiBiALB DBS Natubalistbb.— Bulletin, 1892, No. 8 to 1893, No. 3. 

Munich, K. B. Metbobolooischb Gbntbal-Station. — Beobachtungen der meteoro- 
logisdien Stationen in Kdn. Bayern, Jahrgang XIY. Heft 8 to Jahrgang XY. Heft 2. — 
— Uebenicht fiber die WitterongsYerhaltnisse in Edn. Bayern, Noy. 1892 to Oct. 1893. 

Natal, Obbbbyatobt.- Beport of the GoYemment Astronomer for the year ending 
Jane 30, 1892. 

Nbuchatbl, SoaiTi Neuchatbloibb db GiooBAPHiB.— BoUetin, Tome YH., 1892-3. 

Nbwhayxn, Gomnboticut Acadbmt of Abtb and Scibnceb.- Transactions, Yol. YIII. 
part 2, and Yol. IX. part 1. 

Nbwhaybn, Obbbbyatobt ov Talb Uniybbsitt. — Beport, 1802-3. 

Nbw Yobx, AcADBifT OF SciBNCBB. — Transactions, Yol. XIL, 1892-3. 

Nbw Yobk, Cbntbal Pabx Obsbryatobt.— Abstracts of registers ttom self-recording 
iostraments, Noy. 1892 to Oct. 1893. 

Odbssa, Mbtbobolooiscbbb Obsbbyatobium dbb Nbububsibcbbn Uniybbbitat.— 
Meteorolomsche Beobachtangen, 1892. 

Pabis, Bxtbbau Cbntbal MsTioBOLOoiQUB db Fbancb. — Annales, 1890.-*Balletin 
International, 1898. 

Pabis, Obsbbyatoibb db la Toub SAiNT-JACQUES.-^-L'Atmosph^e, Dec. 1892 and 
Jan. 1898. 

Pabis, SocdbTi MiTioBOLoaiQUB db Fbancb.— Annnaire, Jaly 1892 to June 1893. 

PhiladblphiAi Ambbican Philosophical Socibtt. — Proceedings, Nos. 139 to 141. 

PoLA, K. E. Htdboobafhibchbs Amt. — Meteorologische and magnetische Beobachtun- 
gen, Noy. 1892 to Oct. 1898. 

Pbaoub, K. K. Stbbnwabtb. — Magnetische and meteorologische Beobachtangen, 

1892. 

PuBBLA, Obsbbyatobio Mbtbobolooico dbl Colboio dbl Estado. — Besomen corres- 
pondiente a cada dia, July 1802 to March 1893. 

Bio db Janbibo, Obsbbyatoibb.— Annuario, 1892. 

Boohbstbb, U.S., AoADBifT OT SciBNCBs. — Proceedings, Yol. II. parts 1 and 2. 

Bomb, Bpboola YATiCANA.—Classificazione delle Nabi.— Pabblicazioni ; Fasoioolo III. 

Bomb, Umoio Gentbalb Mbtbobolooico b Gbodinamico Italiano.— Annali, Serie 
aeoonda, Yol. XI. 1889, parts 1 and 2. 

San Jfxk, Instituto Fuioo-GsooBAnco t dbl Musbo Nacional de Costa Bica,— 
Analea, Tomo III. 1890. 
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Sah Luis Potost, Obbsbyatobio Mstbobolooioo di Oouuno SmnuMO.— ] 
de las obseryaciones, 1892. 

Sam Salvador, Instituto Naciomal. — Obaenraoionet meteorbI6gleM, Maroh to Sept. 
1892. 

Sah Salyadob, Obskbyatorio ABTBON6iaoo t I£btiobol6oioo. — AnoaziOt 1898. 

Shamohai, Metbobologioal Sooixtt. — First Annnal Bqport, 1892, 

SouTHPOBT, Mbtbobolooioal DBPABTmMT.— Bepoft and BeanUs of obfenratiooBt 
1892. 

Stockholm, K. Sybnska VxTBHaKAPS-AKAOBMi.— Meteocologiska Taktlagftlwwr I 
Syerige, 1892. 

Stockholm, Mbtbobolooiska Ckntbal- Anbtalt. ~Manada5f?erBigt af Yaderleken 
i Sverige, Noy. 1892 to Oct. 1893. 

Stonthubst, Collbgb OBSBBYATOBT.-Besnlts of Bfagnetioal and Meteorolofljcal 
ObsenratioDs, 1892. 

St. Petbrsbubo, K. Akadbmie dbb WzssxHscHAFTBf.^Bepertorinm f3r lfeteozo> 
logie. Band XV. 

St. Prtebsbubo, Phtbikalisches Ckntbal Obsebyatobium. — Annalen, 1881. 

Stbasbubo, Metbobolooircur Gbntbal-Station.— Ergeboiase der meteorologiBeheii 
Beobachtangen im Rcichsland EIsass-Lothringen, 1891. 

Sydney, Obseryatoby.— Meteorological ObsenrationB, July 1892 to June 189S. — 
Besults of Meteorological ObtieryatioDB made in New South Wales, 1890. — Besnlts of 
Bain, Biver, and Eyaporation ObscrYationB made in New Soath Wales, 1891.~Weather 
Charts, Oct. 1891 to Deo. 1892. 

Sydney, Boyal Society or New South Wales.— Journal and ProoeedingB, VdL 
XXVI. 1892. 

Tacubaya, Obbebyatobio Astbokomico. — Temperatnra del sndo obserradM en si ai&o 
de 1892. Por M. Moreno y Anda. 

Tamamabiye, Obsebyatoibe Boyal de Madaoascab.— Observations MAtteologiqiiaB, 
1891. 

Tasmania, Mbteobological Depabtment. — Beports, 1891 and 1892. 

TiFLis, Physixalischs Obsebyatobium. —Beobai^tnngen, 1891.— Beobabhtnngen der 
Temperator des Erdbodens, 1886-7. 

ToKio, Gentbal Mbteobological Obsebyatoby of Japan. — ^Annual Bepori, 1891, 
part 1. 

ToKio, Impebial Uniyebbity of Japah.— Calendar for 1892-8 

ToBONTO, Mbteobological Office.— Monthly Weather Beyiew, Sept. 1892 to June 
1893. — Toronto General Meteorological Register, 1892. 

Tbiestb, Ossbbyatobio Mabittimo. — ^Bapporto Annuale, 1890. 

TUBIN, ASBOCIAZIONE ItALIANA PBB LE ObbEBYAZIONI DELLB MmOBM LUMIHOBS. — lie 

Stelle Cadenti dei periodi di Agosto e di Noy. 1890-1 osseryate in Italia.— Oi s o r? a poiii 
delle Meteore Lnminose, 1892-3. 

TuBiN, Ossbbyatobio della B. UniyebsitI.— Osseryazioni Meteorologiidie, 1891 and 
1892. 

Turin, Beale Obbebyatobio Abtbonomico. — II Clima di Torino. 

TuBiN, SocibtX Meteobologica iTALiANA.—BoUettino mensnale pnUioato per earn 
deir Osseryatorio Centrale del Real CoUegio Carlo Alberto, Deo. 1892 to Not. 1898. 

TuY, Obseryatokio Meteorol6oico del Colegio de la Oompakia db Jwatn xh liA 
GuARDiA.— Estadio sobre las Borrascas en la Costa Ooeidental de Galieia ; por el P. B. 
Merino, S.J. Besamen por d^oadas y meses de las obseryaoioneB meteorologioM,1891. 

Upbala, Obberyatoire M£:TioROLOGiQUE DE l^UniybbsitA. — Bolletin Mensael, 1892. — 
Bulletin Mensuel. Appendioes : Beoherches sor le Climat d^Upsal. I. Piaiea, par T. 
Wigert. — Des principales m6thodes employees pour obseryer et mesorer lea nnagea. 
Par H. H. HildebrandBson et E. L. Hagstrdm. 

Utrecht, E. Nedkrlandbch Meteobologibch Ikstitut. — Nederlandadh lleteoio- 
logisch Jaarboek, 1892.— Onweders in Nederland, 1891-2. 

Vienna, E. E. CentraiiAnbtalt fur Meteobologib und Ebdmagmstibmub. — Beobaefa- 
tungen. May 1892 to Jane I893.~£r8ter Jahres Bericht des SonnUiok-Vereinee fOr daa 
Jahr 1892.— Jahrbucher, 1891. 

Vienna, Oebtebbeichibche Gebbllschaft fOb Mbtbobolooib.— Meieorologische 
ZeitBchrift, Deo. 1892 to Noy. 1893. 

Washington, Geological Subyby.— Annual Beport, 1889-90; by J. W. PowelL 

Washington, Hydbogbaphic Office.— Pilot Charts of the Ncoth AtUntio Ooean, 
1893.— Wreck Chart of the North Atlantic Coast of America, 1887-91. 

Washington, Nayal Obsbbyatoby.— Beport of the Superintendent for the year ending 
June 30, 1892. 

Washington, Smithsonian Institution. ~ Mechanics of the Earth's Atmoephere. A 
collection of Translations by C. Abbe.— Smithsonian Meteorological Tablea. [1898.] 

Washington, Weathbb Bureau.— Certain climatic featnres of the two Dakotaa. By 
Xiieut. J. P. Finley.— ^Dioraal yariation of barometrio pressore. Bf F. N. Uolo, Ph. D. 
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—Monthly Weather BeTiew, Oct. 1892 to Sept. 1893.— Beport of Mr. Oliyer L. Fassig, 
Bibliographer and Librarian. — B«port of the Chief, 1898.~BepQrt of the Studies of 
Atmoepherio Bleotridty. Bj T. 0. Mendenhall.— Bepon on the Climatology of the 
Cotton Plant. By Dr. P. H. Mell.— The Climate of Chicago. By H. A. Hasen. 

Watfobd, Hbbtiobdshibb Natubal Histobt Sooibtt. — Transactions, Vol. Yll. 
parts 3 to 6. 

WkiLIxotom, Rxoistbab-Gbkxbal's Offiob. — New Zealand Official Year Book, 1898. 
—Statistics of the Colony of New Zealand, 1891. 

WxLLDroTOR CoLLBOB, Natubal Scibbob Sooxbtt. — Annual Beport, 1892. 

Zi-ka-Wbi, Obsbbtatozbb Maon^tiqub bt M&TioBOLooiQUB.— Bulletin Mensuel, 
1891.— The ** Bokhara " l^hoon, Oct. 1892. By Bey. S. Cheyalier. 

ZuBXGB, BoBWEiZBBisoHB Mbtbobolooischb Cbmtbal-Amstalt.— Annalen, 1890. 



Presented by Individuah, 

Batubori, G.^Diagrama de Presion, Temperatora, Llnyia, y Viento, de Yeraerns, 
Not. 1892 (MS.).— BegiBtro de obseryaoiones de Veracmz, Noy. 1892 (MS.). 

Baxbbdblii, J. — Meteorological obseryations at Sonthport, Deo. 17, 1892, to Dec. 22, 
1893. 

Bbll, C. W. — Charts from Bichard*8 Barograph st Yewborst, East Grinstead, Dec. 
1891 to Dec 1892 (MS.). 

BxBxn, A. B. — Flow of the Thames. 

BxBGH, B. W.— Annual Beport of the State of Selangor, 1892. 

BowBs, Mas. — ^London Medical Bepository, Monthly Journal, and Beyiew, Vols. I. to 
XYL, 1814 to 1821. 

Bbowr, a. and Boobbtbb, P.— The Meteorology of Nottingham, 1892. 

BucBAR, Db. A« — ^Temperature of London for 130 years, from 1763 to 1892. « 
Temperature of the North-east of Scotland for 129 years, from 1764 to 1892. 

Cabbuthbbs, G. T. — ^The cause of grayity. 

Chavdlbb, a. — Abstract of meteorological obseryations made at Torquay, 1892.— 
The Climate of Torquay. 

Chwolsob, 0. — Aotinometrische Untersuchungen zur Construction eines Pjrhelio- 
meters und eines Aotinometers. 

Clabk, J. E. — Natural History Journal and School Reporter, Nos. 145 to 153. 

Clbicbbts, £L ^Clements' Weather Calendar, 1894. — Weather Prediction, No. 2. 

CoimiBLU, Padbb F.—Bi vista Meteorologioa dell* anno. 1891-92, Fasdcolo 1. 

CooKB, B.— Bainfall in 1892 at Detling, Maidstone (MS.). 

CoPiiAHo, W. W<— Monthly and Annual Besults of Meteorological Obseryations at 
Sheemess, 1892. 

OoxBB, Mbs. — Meteorological obseryations made at Bulimba, Queensland, July to 
Dee. 1892 (MS.). 

Cbbbswbll, a. — ^Beoords of meteorological obseryations taken at the obseryatory of 
the Birmingham and Ifidland Institute, Jan. 1891 to June 1893. 

Obook, Db. H. E. — Margate as a health resort 

CuxJiBT, B. H. — ^Meteor^ogical obseryations taken at Monmouth, 1893 (MS.). 

DAyiB, W. M. — The general winds of the Atlantic Ocean. 

Dbbxa, Padbb F.— Bolide del 20 Gennaio, 1891.— Gli instrumenti registratori della 
Speoola Yatioana e lo sooppiopolveriera del 23 Aprile, 1891. — Macohie sdari.— Maochie 
a^ari pertubaaioni magneticne ed aurore polari. — Medaglia eommemmoratiya della 
Speoola Yatieana. — Meteorologia cosmica perturbazione solare ed elettro-magnetica. — 
Misore assolute degli elementi magnetici alle Speoola Yatieana. — Pioggia di sabbia.— 
Salle indicaaioni degl* instrumenti dsmici.— Terremoto del 20 Gennaio, 1891. 

Db Bamgb, C. B. — Map of Biyer Basins of England and Wales in County Council 
Groups. 

DiGBSoN, H. N. — ^The Physical condition of the waters of the English Channel. 

DnoB, H. P.— Wiltshire Bainfall, Dec. 1892 to Noy. 1893. 

DoiLB, P.— Indian Engineering, Yol. XII. No. 24 to Yol XI Y. No. 28. 

EDiTOB.^American Meteorologieal Journal, 1898. 

BnnoB.— Ciel et Terre, 1893. 

EmroB.— Eleetrical Beyiew, 1898. 

Ediiob.— 11 Bosario e la Nuoya Pompd. Anno IX. No. 11 to Anno X. No. 10. 

EniTOB.- Nature, 1898. 

Bditobb. — Obseryatory, 1898. 

Elliot, Dr. G.— Bieteorologieal obsenrationB taken at Caterham, 1892 ^MS.). 

Ellib, W. — ^Map of England and Wales showing lines of equal magnetic declination 
for January 1, 1893. 

Wi^MmxuMf Or-Anniiaixe Mtronomiqqe et m^ttoologiqiie pour 1898. 
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Fox, W. L.— Meleofologieal TaUM for Falmouth and the BeOlj IilandB. 18M. 
Frrschb, De. H.— Ueber die Bestiminnug der geognuphiachen Ljnge mid Breita imd 
der dm Elemente des Brdmagnetismiis diuch Beobaelitoiig sa Lande aowia erdmag- 
natiaehe and geognH[>hiiche Metsoiigen an mehr ala tanaend Tenahiedenen Orten in 
Asian nnd Enropa, aosgefohrt in den Jahren, 1867-91. 

Qucdhilxh O. W.— Obeervations taken at High Hanogate, 1892 (MS.). 

Oltds, B. B.— Abstract of meteorologioal obserrationa at Babbaeomba, Torquay, 
189S.— Meteorological Sommaries, Deo. 1892 to Maroh 1893, made al Babbaomnbe, 
Torquay* — ^Tenth Beport (seoond series) of the Committee on the if'hnatfr of Dermi, 
1891. 

OBKBinrooD, W. N. — Greenwood's Naatieal Almanae, General and Goaating Kludo- 
nometrie Tide TaUea, 1894. 

Halxh M.— Jamaiea Weather Report, Not. 1892 to Oct 1898. 

Hamlth. J. — Meteorological obserrations taken at Bnckfaafleight 1898. 

Hash, Db. J. — Der tSgliche Gang der Temperator aof dem Obirgipfel (SliO m.) and 
einige Folgeningen ans demselben. — Die neae Anemometer nnd Temperatnr Station 
aof dem Obirgipfel (2140 m.).— Die none Wetterwarte aof dem Obirgipfel and einige 
Eigebnisse der Begistrimng der Lofttemperatore an denelben in Jahre 1892. — Binige 
BeMiltate der anemometrischen Anfseiehnangen in Wien 1878-92.— Ueber daa KUma 
▼on Quito. 

Hazbh, H. a.— Secrets of the Atmosphere. 

UsLLMAMN, Db. G.— Das alteste Berliner Wetter Buch 1700-1701 yon Gottfiiad 
Kirch nnd seiner Fran Maria Margaretha geb. Winkelmann. 

Hkmshall, E. — Meteorological obeerrations taken at Woolaeombe, 1898 (MS.). 

Hookeb, B. H. — Statistics of damage caused by Hail in Austria. 

HopinrsoM, J. — County Meteorology : St. Albuis. — Meteorologieal ob ao rr a tiona taken 
at St. Albans, 1898 (MS.) — ^Beport on the BainfaU in Hertfordshire in 1891.— The 
Correlation of Physical Forces. By W. B. GroTC— The Water-bearing Stimta of 
London. By J. Prestwich. 

HxTirrxB, J. — Meteorological obserrations at Belper, 1898. 

Ihwabds, B. — ^Weather Lore. 

Eammkbiiahn, a.— B68um^ m^t^orologique de Tannic 1892 poor GendTa et le Grand 
Saint-Bernard. 

ir»i««ii^ Da. v.— Die Erforschung der Atmosphiirisohen 8tr5mangen mittela Pilofc- 
ballons. 

KsmiEDT, E. — Science Weather Guide. 

KioDLB. H. C. — Small whirlwinds. 

Klossotsxt, a.— Bevue M^t^rologiqne. Trayaux da rfiseau m£ttox>loglque do 
Bud-ouest de la Bussie, 1892, Vols. III.-V.~Une page de Thistoire do rfiseao meteoro- 
logique privfi du sad-onest de la Bussie. 

EoPPXH, Db. W. — ^Ausgewahlte tropische Wirbelstfirme im sudlichen Indisehen 
Ocean. Von Kapt. C. H. Seemann und Dr. W. Kdppen.— Die Bahnen der Qi^ane im 
B&dlichen bidischen Ocean.— Die grossen StrSmungen des atmosphiirischen Kreialaofa. 
—Die Ooeanographie auf^ der Britischen Naturforsoher-Versammlung im August 1892. 
— Die unterseeische Schildwache, ein permanentes Lo^ aur Aufeuchung beatimmter 
Tiefenlinien und snr Erkennung von Untiefen ohne Fahr-tunterbreehung. — ^Drei Jahre 
Sturmwamungen an derdentschen Kiiste. — ^Modeme Meteorologie. — ^eue hydro- 
grapbische Forschungen im Schwarzen Meere.— Yerhalten der Oele und Seilen aaf 
Wassseroberflachen und BoUe der Oberfliichenspannung bd Bemhignng der WeUeo. — 
Verhaltnisse zwischen Beaufort*s Skala und Windgeechwindigkeit. 

Lanoastkb, a.— Le dimat de la Belgique en 1892. 

Lawbxhcb, C. — Ilfracombe as a winter resort. By Dr. A. S. Gubb. 

Lawbom, B. {the late).— On the manifestations of ohcdera in shipa at aea and their 
connections with outbreaks on land. 

Lbal, M.— Estudio sobre la Mortalidad en Leon. 

liisTBB, M.— Annual Beport of the State of N^gri Seiubilan, 1892. 

Maclbab, Admtbai. J. P.— Contributions to Terrestrial Bfagnetism. By Gen. Sr S. 
Sabine. Parte 1 -1 land 1 3. — Memorandum on the Magnetical Obsenrationa made during 
the Yoyage of H.M.S. Challenger, 1872-6. — Observaciones del Obaerraloiio Meteoio* 
16gica del Ateneo Municipal de Manila, 1880-2. — On periodical laws diaooTeimble in the 
mean effects of the larger magnetio disturbances. By Gen. Sir B. Sabine. Bffts 1 
and 8 . — On the automatic registration of magnetometers, and other meteorolof^eal 
inrtmments, by photography. By C. Brooke. Parts 1 and 2.— Cto the diurnal varia- 
tion of the Msgnetio Declination st 8t. Helena. By Gen. Sir B. Sabine. — On the 
present amount of Westerly Magnetic Declination (rariation of the eompan) on the 
cosst of Great Britain, and ita annual changea. By Capt. F. J. Etbub. — Bqport on a 
magnetic anrrey of tbe Indian Arcbipelago, 1874-7. By Dr. Van Bijekeforsel, 8 parts. 

MniH^if, C. A.^Meteorological Bqpoart Iok MocthamptonfihiEt, Oot. 1898 to Bepi. 
1898. 
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Habbzoit, W.— a meleoroloffioal aooonnt of ihe weather at Fort William in Bengal, 
Jan. 1 to June 80, 1776. By Lieai>Gol. T. D. Pearse (MS.). 

Matwhatj., S. A.~BaiDiall in the Lake Distriot, 1891, 1892, and Jan. to Not. 1893. 

BfAWLBT, E.— Meteorological obseryationB made at Berkhamsted, Deo. 22, 1892, to 
Jnne 22, 1898.^The BoBarian*8 Year Book, 1898. 

MoLaitdsbobouoh, J., AND Pbxbtom, a. E.^Meteorology of Bradford, 1892. 

MiDGLBT, W. W. — Summary of meteorological observations at Bolton, 1892, and 
annual ayerages 1887-92. 

MoHN, Db. H.— Studien fiber Nebelsignale. 

MossMAim, R. 0.— Besalts of meteorological observations taken at Edinburgh, 1892. 

Mtbbb, J. E.— Meteorological observations taken at Watford, 1893 (MS.). 

Omohd, R. T.— Hourly readings of black bulb in vacuo at Ben Nevis Observatory. 

Omomd, B. T., and Banxin, A.— The winds of Ben Nevis. 

Pabnabt, J. M.— Meteorological Beport for Albert Park, Ifiddlesborough, Deo. 1892 
to Nov. 1893. 

PXABSON, C. N. — ^Meteorologioal observations taken at Beading, 1893 (MS.). 

Pbsx, C. B. — ^Meteorologicfd Observations at Bousdon, 1892. 

Pbilups, F. H.~Meteorological observations taken at Brighton and Ditohling, 
1893 (MS.). 

Pnnios, C. L. — Observations upon the great drought during the spring months of 
1893.— The summary of a meteorological journal kept at Crowborough Hill, Sussex, 
1892.— Uckfield Bainfall, 1843-92. 

Bamhn, a. — Preliminary notes on observations of dust particles at Ben Nevis 
Observatoiy. 

Batmond, G. — ^Description d*un nouveau Theodolite Boussole et de Gt^odosie. 

BiooBMBAOH, A. — Die Niederschlags verhaltnisse des Kantons Basel und ihre Bezie- 
hoDg zur Bodengestalt. 

BoDOBB, J. P. — Annual Beport of the State of Pahang, Straits Settlements, 1892. 

Botch, A. L. — ^A meteorological balloon ascent at Berlin, Oct. 24, 1891. — ^Meteoro- 
logical and other observations made in connection with the Total Solar Eclipse on Jan* 
1, 1889. By W. Upton and A. L. Botch. 

Russell, H. C— Hail Storms. 

Russell, Hon. F. A. Rollo.— On Hail. 

RussxLL, Db. W. J. — A sketch of the chemical history of the air. 

Sallb, O.— Das Wetter, 1893. 

Shaw, Bev. G. A.— Meteorological observations taken at Farafangana, Madagascar, 
Jan. to Sept. 1893 (MS.). 

Shewabd, R.— Abstract of Weather Reports for Eastbourne, 1892.^ Eastbourne 
meteorological observations, 1892. 

Sladb, F. — Meteorological observations foi 1892 at Beckford, Tewkesbury. 

SoLANDXB, E. — Vergleichung der Bestimmung der Horizontalintensitat an verschied- 
enen magnetisohen Observatorien. 

SouTHALL, H.-The Great Drought of 1893. 

Spaeks, F. J. — Meteorological observations taken at Orewkeme, 1898. 

Spiboblhalteb, E. K.— Meteorological observations taken at Malton, 1898. 

Stanfobd, K.—First part of the general maps for the illustration of Physical Geo- 
graphy. Edited by A. btaggemeier. 

8TOXE8, J.— Annual Beport of the Medical Officer of Health for the Borough of 
Margate ; also Meteorological Report, 1892. 

SvMONs, G. J.— British Rainfall, 1892. — Symons's Monthly Meteorological Magazine, 
1893. 

Tatlob and FBANas, BIessbs. — Taylor's Calendar of the Meetings of the Sdentifio 
Bodies of London for 1893-4. 

Teissebenc de Bout, L.— Beport on the present state of our knowledge respecting 
the general circulation of the atmosphere. 

Ttbsb, B.- Meteorology of Cheltenham in 1892. — Rainfall in Gloucestershire, Jan. 
to Nov. 1898. 

Vebt. Pbof. F. W.— Hail Storm of May 20, 1898. 

Waleeh, a. O.— Ihe Climate of the North Coast of Wales. 

Wallbb, J. G.— Annual Report on the Health, Sanitary Condition, etc., of Woolwicb, 
1892. by Dr. W. B. Smith. 

Wabd, B. de C.~ Thunderstorms in New England during the years 1886-7. 

Watson, Rev. J. — M teorological observations taken at ;Guisborougb, Jan.- Apr. 
1898. (MSO 

Watts, F. — Meteorological Record for 1892 in Antigua. 

Wells, J. G.— The weather of 1891 at Burton- on-Trent. 

Wild, Dh. H.>-Die Normal barometer des physikalischen Central-Observatoriums zu 
8t Petersburff. — Ueber die Darstellung des taglichen Ganges der Lufttemperatnr durch 
dio Betiel'fld^e Interpolation0formel.^Ueber Unsioherheiten in den Regnantt'aohen 
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Spannloraften des WasBerdampfefl onterlialb 100° and daraiiB enttpringende DifferenBen 
der Correotionen von Siedethermometem je naoh ihrer Verifioationnrt. — Ziutmmen* 
Btellang der BeBohlasse der intemationalen Meteorolo^[en-GoDferenBen Ton der 
Oonferenz in Leipzig, Aug. 1872 bis and mit der Oonferenz in Miinehen, Aug. 1891. 

WiLMHUBST, A. J.— Temperatore and Bainfall at Manor Park, EBsez, Deo. 1893 io 
Nov. 1893 (MS.). 

WooDD, B. T. — Charts from a Riobard barograph at Conyngham HaU, Enareeboro\ 
1892 (MS.). 



APPENDIX VI L 
REPORTS OF OBSERVATORIES, fte. 

The Meteobolooical Office. — Lien t -Gen. R. Strachey. R.E., CS.?., 
F.R.S., Chairman of Council ; Robert H. Scott, M.A., F.R.S., Secretaiy ; Nay. 
Lieut. C. W. Baillic, F.R.A.S., Marine Superintendent. 

Marine Meteorology. — Current Charts for all Oceans. — In the last Memo- 
randum appearing in this Report for the year 1892, it was stated that a considerable 
amount of information, some 25,000 observations in all, had been obtained firom 
foreign authorities, in order to supplement the records of currents derived from 
English sources of information. 

During the year now under review a further instalment of some 2,000 obser- 
vations for the Pacific Ocean has been obtained from Germany, exhaosting their 
data, and the Council are of opinion that they have now procured nearly all the 
trustworthy current observations in existence, at least in the archives of the 
. various meteorological bureaus in Europe. The very anxious task of generalis- 
ing the contents f orpublication must now be undertaken. 

The Red Sea, — liiese charts are passing through the press. The twelve 
Monthly Wind Charts have all been signed for press, and the twelve Coirent 
Charts are now in an advanced stage. 

The Meteorology qf the South Sea. — This investigation has made steady pro- 
gress daring the year, but none of the final charts have as yet been placed'in 
the engraver's hands. 

The South Atlantic. — The preparation of logs and extraction of data for this 
district is being actively prosecuted. It will be understood that, as in the South 
Sea, the southern limit of the area to be discussed is given oy the northern 
limit of the South Polar Ice. 

A new edition of the Barometer Manual for Seamen is in hand. 

Weather Telegraphy. — ^The only change in the operations of this branch 
has been the abandonment of Mullagnmore as a station, owing chiefly to the 
difficulty of replacing satisfactorily the observer who died in tiie spring of 
1893. There is an idea of establismng a station on Barra, in the Hebndea, bat 
apparently the island is so hilly that wind reports would not be quite satisfac- 
tory. 

The Office has since Michaelmas been in receipt of daily reports firom Punta 
Delgada, in the Azores, through the kindness oi Admiral de Brito CapeUo, of 
Lisbon, and of the Eastern Tele^aph Company. 

The Rain Tables for the decade 1881-90 are now in hand, and it is hoped that 
these ^ill furnish information more complete, as to uniform geographical distri- 
bution of the stations, than anything which has yet appeared. 

Land Meteorology of the British Islands. — ^The volume of Hourly Mean 

Readings for five-day periods for the Four Observatories has been publi^ed for 

the year 1890, and that for 1891 is well advanced. The volume ot Oheervaiions 

from Stations of the Second Order for 1889 is out, and that for 1890 may be 

expected in the course of the summer. 

Mr. Dines* pressure tube anemometer has now been in operation on the roof 
of the Office for a year. Very interesting records have been obtained from it, 
especially during the storm of November 18th. 

The records of bright sunshine for the seven observatories in connection 
with the Office have been tabulated hourly for the twelve years 1881-1893, and 
the results will be published with the hourly means for 189l« 
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A new edition of the Instructicna in the use of Meteorological IrutrumerUe, 
now 19 years old, is in preparation, to bring the book more up to the present 
state of Meteorology. — February 15<A, 1894. 



ROTAL Obsebyatort, GREENWICH.— W. H. M. Christie, M.A., F.R.S., 
Astronomer Royal. 

The osoal routine meteorological work has been maintained with regularity 
during the year 1893. The onljr important instrumental change made in the 

Sear is the additional gearing wnich has been applied to the £riving clock of 
Osier's Anemometer, by means of which the recording sheet can, when desired, 
be made to travel twelve times as fast. This arrangement has been brought 
into use on many occasions for the registration of high winds with the utmost 
benefit, the variation in pressure being much better seen than with the ordinary 
time scide. Portions oi the working parts of Robinson's Anemometer which 
appeared to be much worn, have been recently renewed. It is satisfactory, 
however, to note that an independent comparison made (shortly before the 
renewal of the worn parts) by Mr. C. Harding, of the Meteorological Office, of 
the results recorded by this instrument in the gales of November last with those 
recorded by the anemometer of the Kew Observatory, indicated that these 
instruments were then giving practically identical results. 

The discussion of the observations of the temperature of the air throughout 
the 50 years 1841-1890 has been completed, and the abstracts are partly printed. 
Various interesting particulars, relating to extremes, &c., have been extracted 
from these voluminous tables, but have not yet been finally brought into shape 
for printing. The results of the magnetical reductions 1865-1882 mentioned 
in last year's report are not quite ready for press. 

The close of the year was marked by the retirement of Mr. Ellis, after a lone 
and honourable term of service in the Royal Observatory, extending through 
50 years, 20 of which had been spent as Superintendent of the Magnetical and 
Meteorological Department. The loss of Mr. Ellis to the public service will be 
severely felt. Mr. W. C. Nash has been promoted to succeed him as Superinten- 
dent, and the vacancy thus caused has not yet been filled up. —March 12th, 1894. 



RoTAL Observatory, Edinburgh.— Ralph Copeland, Ph.D., F.R.A.S., 
Astronomer Royal for Scotland. 

At the end of the first quarter of 1893 the preparation of the monthly and 
quarterly summaries of weather observations of 55 Scottish stations for the use 
of the Registrar-General for Scotland was transferred from the Edinburgh 
Royal Observatory to the Scottish Meteorological Society, by whose members 
the observations are made. 

The daily meteorological readings at the Observatory have been continued, 
together with the observations of the rock thermometers. The old riun gauge 
on the roof, at a short distance to the south of the dome, caught some 30 per cent. 
less rain than a similar gauge on tlie grass 22 feet lower down ; this is quite in 
accordance with previous experieuce. 

The removal to Blackford Hill, which will probably be carried out about tlie 
close of the year, will afibrd an opportunity of commencing a fresh series of 
observations, in which self-recording instruments will be largely used. In par- 
ticular it is expected that the .records of wind at the new Observatory will be of 
special interest. — February 1894. 



Kbw Observatory of the Royal Society, Richmond, Surrey.— Charles 
Chree, M.A., Superintendent. 

It is with deep regret that the Committee have to report the decease of the 
late Superintendent, Mr. G. M. Whipple, B.Sc., which occurred on February 8th, 
after a serious illness of more than seven months. He had been connected with 
(he Obft^nratoiy in various ca^tacities for thurty-f our years, and had filled the 
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office of Saperintendent since 1876. Under his efficient management the work 
at the Ohsenratory had been largely augmented in amount ana Tariety, and the 
funds at its disposal for purchase of apparatus and extension of its premises 
had steadily increased. 

During the earlier part of the year the work of the Observatory was carried out 
by Mr. fiaker. the Chief Assistant, to the entire satisfaction of the Committee. 
They desire that his services should he specially recorded, and tiiey are giad to 
state that the routine work of the Observatory has in no way suffered owing to the 
enforced absence of the Superintendent for the early months of the past year. 

The Committee, having invited applications for the vacant post oi Superinten- 
dent, selected from amongst the candidates Mr. Charles Chree, M.A., Fellow of 
King's College, Cambridge, Sixth Wrangler 1883, First Division Part IIL of 
the Mathematical Tripos, and First Class in Part II. of the Natural Sciences 
Tripos, 1^94. Mr. Chree entered on his duties on May 15th. 

The self-recording instruments for the continuous re^stration of atmoapherie 
pressure, temperature of air and wet-bulb, wind (direction and velocity), bri^t 
sunshine, and rain, have been maintained in regular operation througnont the 
year, ana the standard eye observations for the control of the automatic recorda 
duly registered. 

The ** Willesden ** prepared papers have been in daily use on the self-recording 
Beckley gauge, and although tne curves obtained are clear and distinct, yet the 
defect of the lengthening of the sheets in wet weather has not been entirely 
overcome. Circular letters were sent to several prominent paper makers asking 
fur samples of material, specially prepared, to be used in a very damp atmosphere ; 
but of Uiose obtained, only one sample (supplied by Messrs. Waterlow and Sons) 
showed no appreciable lengthening in the dampest atmosphere producible arti- 
ficially. It has, however, some counterbalancing defects , which render its snperio- 
rity to the Willesden paper for the purpose in view somewhat doubtful. 

At the request of the Meteorological Office an investigation has been carried 
out as to the causes of fluctuations that present themsfuves in the value of the 
residual correction to barograph readings, which is deduced by comparison of 
simultaneous readings of the baromph and a standard barometer. An analyaia 
was made of the value of the resianal correction between May 1892 and October 
1893, while numerous measurements were taken of the width of the temperature 
compensation to the barogram at different temperatures. The data obtained ac- 
counted for a very considerable part, at least, of the irregularities observed in 
the residual correction. A report embodying an analysis of the results has been 
sent to the Meteorological Omce. 

The electrograph has been in regular action during the year, but its perform- 
ance on the whole has been rather unsatisfactory. Early in the year the 
needle-suspension being accidentally broken, another was fitted without delay, 
and a new determination made of the scale value. Subsequent re-determinations 
were carried out in May, July, and November. It is intended to take advantage 
of the first spell of frosty weather to dismount and thoroughly overhaul the in- 
strument, and to open out the scale, which has for some time past been too 
contracted. 

Operations connected with cloud photography have been suspended during 
the year. 

The observation of a series of distant objects referred to in the last report has 
been continued. A note is taken of the most distant of the selected objects, 
which is visible at each observation hour. An analysis of the results for the 
period May 1892 to December 1893 is at present being carried out During 
the thickest fo^ experienced in the past year, at one of the hours of observa- 
tion the most distant object visible was only 12 feet off. 

The mean temperature of the air for the year was 50''-9, and the extreme range 
75°*5, from 18°-1 on January 5th to 88°*6 on August 17th. In the sun*s rays the 
maximum, 139^, occurred on June 19th, and the lowest reading of a thermometer 
freely exposed on the grass was 7° on January 5th. 

The year was remarkable for the drought during the sprine, and for the very 
large amount of bright sunshine recorded, no less than 1,^1| hours being regis- 
tered, ffiving a mean percentage of 35, the highest yearly value yet obtained. 
With the exception oi January, July, and November, each month was well above 
^e average, the maximum record oi 59 per cent, in April h&ng 27 per cent. 
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above the April mean for the past 16 years. The total rainfall was 19*50 ins.— 
May 1894. 



Radcliffb Obsbryatort, Oxford.^E. J. stone, F.R.S., Radcliffe Observer. 

No change in the routine or staff has been made during the year. The Robin- 
son Anemograph, having become much worn during the 18 years it had been 
mounted on the Observatory Tower, was replaced in July lo93 by a new one, 
which includes all the latest improvements, and is working well. 

The other self-recording instruments have been working satisfactorily during 
the year. The gelatino-bromide paper is used for the photographic registers, 
and gives excellent results. 

Eye readings have been taken as usual ; and reports sent daily by telegram to 
the Meteorological Office, monthly to the Registrar-G-enerai and local press. 

The following are the chief characteristics of the weather noted at Oxford 
daring the year 1893: — 

There was a remarkable absence of rain during the spring months ; from 
March 4th to May 15th only 0*016 in. was registered at this Observatory. In 
Jane only one-third of the average amount fell, whilst August and September 
were much below the average : July, however, was 1-3 in. in excess of the 
average. 

The total rainfall for the year was 18*596 ins., or 8 inches below the average 
for the preceding 78 years. 

As regards temperature, the early part of January was marked by continued 
frost, with a minimum in the air on the 5th of 12^*9, and on the grass 7°*1 ; the 
average for the month being 2°*5 below the mean for the preceding 38 years. 
Daring the remaining months of the year, with the exception of November, the 
mean monthly temperatures were all high ; those of March, April, May and 
Aagost being respectively 4°*8, 5°*3, 4°*5, and 4°-l above the average for the 
preceding 38 years. The maxima were 84*'*3, 85°-7, 85°*6, 88°1, and 88°-3 on the 
five consecntive days of August 14th, 15th, IGth, 17th and 18th. 

Coincident with the defect of rainfall and excess of temperature, the excess 
of recorded bright sunshine was a marked feature of 1893, there being 365 hours 
recorded above the average for the last 13 years. — January 22m2, 1894. 



REPORT ON THE 

PHE NO LOGICAL OBSERVATIONS 

FOR 1893. 

By EDWARD MAWLEY, F.R.Met.Soc., F.R.H.S. 

(Plate n.) 



[Bead February 21st, 1894.] 

Thb number of observers sending in returns daring 1898 was 117| 
showing a slight increase on the two previous years. The changes in the 
observing stations have been as follows : — No returns were received from 
Whitchurch Canonicorom, Tunbridge Wells, Canterbury, Beckenham, and 
Henley-on-Thames in District O. ; Burton-on-Trent and Huddersfield in 
District D. ; Chester, Settle, and Douglas (Isle of Man) in District F. ; and 
Collon in District Q. On the other hand, observations were sent in from the 
foUowing new statimui : — ^MftwnaQ Smith| West Bagborou^hi and Long Asl)- 
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too in Dislriet A. ; B«: aMdge, (Ue of Wight). Bidboroa^, Swanley, Ghiflle- 
horst, Biddej, Crmnlei^ Aditead, Grojdon, Farlej, mod Whatlej in Dis- 
trict O. ; Wfttford and Broxboorne in District D. ; Ashwell in District E. ; 
Pemnafennuiwr, md Grookboome and Solbj (Isle of Man) in District F. >* 
and Cambois in District I. 

AD the elcTCQ Distriete are represented, but there are still only two 
obserrerB in Irdand Sooth (District B.)* ^'^^ ^^ one observer in eitbff 
Scotland East (District J.) or Scotland North (District K.)- More 6b- 
servers in these three Districts are moeh needed, in order that they mty be 
placed OD ■""w^hmg like an eqnal footing with the others. Betnms from 
one or two stations only, which may chance to be either very exposed or 
sheltefed, as the case may be, most necessarily represent bat indiffiuoitly 
the climate of any considerable portion of our Isknds. 

The observations regarded as a whole are the best I have yet had the 
pleasure of tabolating, and the thanks of the Society are dne to the FlieDO- 
logical Obeervers generaUy for sending in so many valoable and intereetiAg 
retoms. Not cmly have the observations been as a role more carefdlly made 
than in the two previons years, bat they are also more namerons. For 
instance, where the retoms horn the different stations contained on an aver- 
age the dates of flowoing of 8 of the 18 plants in 1892, there were to be 
foond 9 entered in 1898. 

The WinUr of 1892-93. 

December, taken as a whole, was a cold winter month, except in the south 
of Ireland, where the mean temperatare comes oot as slightly above the 
average. Jauoary also proved onseasonably cold, especially in the southern} 
eastern, and soath-westem districts of Elngland, where the departures from 
the mean amoonted to — 6°-0, -4°'6, and — 8°-8 respectively. Febniary» 
on the other hand, was mild in all the divisions — and very wet. 

Until the middle of the fourth week in December the weather renuuB^ 
for the most part mild and dry throaghoat the greater part of the Bri^ 
Isles. In the warmer districts garden flowers were here and there to be se^ 
in blossom until within a few days of Christmas, and at Scilly the &^ 
small gathering of daffodils was made shortly after the middle of the moa^' 
Then came four weeks of continued frost, which brou^t everything sudde^^^ 
to a standstiU, and penetrated the soil to an unosoal depth, owing to t^ 
absence in most places of any covering of snow worth mentioning. The 9^ 
and atmosphere remaining unusually dry for the season, less injury was d<^^ 
to half-hardy vegetation generally than in previous winters when the eC^ 
was less intense and prolonged. In gardens vegetables appear to hm^^ 
suffered the most, particularly the more tender kinds, such as broecc^-^ 
celery, cauliflowers, &e. This proved a trying period for birds, and 
perished from cold, and through their natural supply of food being cut 
for weeks together, owing to the frozen state of the ground. Scarcely 
the long frost broken up than winter aconites and other early flowers beg^ 
. to m^^fi]S0f AppjSfM^itfipe in the south of Englandi showiog how poreB)^ 
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the change in temperature most then have been. From this time until the 
land of the season mild and wet weather prevailed. 

'Hna winter quarter was by no means a favourable one to the farmer. 
The long continued frost not only kept the plough idle for weeks together, 
bat also committed sad havoc among the turnips. Then again, the soil was 
so saturated by rain during February that any but light lands were rendered 
as unworkable as before. 

The hazel came into flower later than its adopted average in all districts — 
the departures from the mean being smallest in the southern, midland, and 
eastern counties of England, and greatest in Ireland North, Scotland, and 
the north of England. The dates of flowering of the coltsfoot were as usual 
very irr^ular, but in most districts also rather later than the average. No 
doubt the great depth to which the long frost penetrattid the ground in 
January helped to retard the blossoming of these two plants. 

The song of the thrush was first heard a few days earlier than in either 
1891 or 1892. The honey-bee first visited flowers about the same dates as 
in 1891, but a little earlier than in 1892. 

The Sprtriif, 

This proved by far the most remarkable season of this remarkable year. 
In each of the three months the mean temperature was in every district con- 
siderably above the average — the departures for the quarter ranging from 
+2°-6 in England North-east and in Scotland North, to +4^*4 in the south- 
west of England. The total rainfall was much in defect of the mean — 
ranging from —2*1 ins. in the north of Scotland to —5*8 ins. in England 
South-west. The record of sunshine, too, if we omit Scotland and the north of 
Ireland, proved equally exceptional. In fact, in the south-western, southern, 
and midland counties of England the aggregate duration exceeded the mean 
by more than 200 hours. 

Taking the British Isles as a whole, the most noteworthy feature of this 
season was its very exceptional earliness. Stimulated by the continued heat, 
Tegetation of all kinds was everywhere forced on rapidly, and without any 
check worth mentioning, into leaf and flower, and in some cases into fruit, 
long in advance of its usual time. Even in parts of Scotland strawberries 
were gathered in May and new potatoes and peas ready for use. 

Throughout nearly the whole of England, however, a persistent drought 
reigned supreme, and was there perhaps even more exceptional in its eflects 
than the unseasonable warmth of the ground and atmosphere. In fact, until 
after the middle of May there did not occur a single week in which the fall of 
rain was not much below the average. Owing no doubt to the abundant 
rainfiedl in February, and the genial weather which followed, the trees in no 
way suffered. On the contrary, the general remark at the time seems to 
have been that their foliage appeared singularly abundant and well developed. 
Barely have flowering trees and shrubs been seen to bloom so freely. Fruit 
trees especially were densely covered, but were soon out of blossom. The 
iiqarioufl influence of the drought upon the less decfljr rooted pbnjbs. .naSi 
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hofwevtr, werj marked. Tlie fieldi and hedge-nmi beeame mnuoally gay 
wifh tpnag and wimifMr floven, foOovnig each other in rapid aoeeeaaioii after 
the middkof theaeaaoiithiitthedzyaiid fordng weather aooo told aponthe 
plants tbemaelTee, g fa mting their growth, and eaoaing their hinanmnii to fiide 
before thej were at their best 

After the middle of Ifarth the land was in spleDdid #>«HiiiM)fi forgetting 
in the spring eom, wfaieh has seldom had so fiTonrable a seed bed. Bnt in 
man J imrtanffs the groond had beeome so dry that the grain IWil H to germi- 
nate at an, or came up Tory irregolarly, and not pntfl-w ook s, and ammi^tt^^ 
. months, after it had been sown. Garden seeds also germinated very dowly. 
The pastoree were remarkably bare, and the £tfmers often at their wit's ends 
to provide sufficient fodder for their cattle and sheep. 

Bot, after all, it should be borne in mind that many of the foregoing re- 
marks (mly i^ply to about one half the area of the United Kiny l/wi Yai 
in some of the northern eoonties of England, as well as thron^umt Seot- 
land and a great part of Ireland, there has scaredy ever been known a more 
foroorable spring for crops of all kinds. For ahhougfa the weather continued 
also unseasonably dry in these fiiToared districts, it was never injorioasly so. 
For one thing, what is called a drought in the wetter parts of onr islands is 
by no means so serioos a matter as where the average rainfoll is lighter, bat 
last year these parts also appear to have been visited by heavy showers just 
at the times when they were becoming most needed by the growing crops. 

I am nnable to account satLs&ctorily for the wood anem<Mie flowering so 
late as it did in many districts in such a warm March, unless it be that 
growing under the shelter of trees in shady spots the brilliant sunshine had 
not the same power in raising the temperature of the soil as where the ground 
had been folly exposed to its influence. In the south-west of England, as 
well as in some of the northern counties, it was three weeks bdiind the 
ad<^»ted mean. The blackthorn, on the other hand, bloomed from about a 
week io ten days in advance of the average dates, while garlic hedge mustard 
was in most districts about a fortni^t earlier than usuaL The horse ehestnut 
was as a rule about three weeks in advance of the mean. The hawthorn was 
also about three weeks early, the white ox-eye about a fortnight eariy, ^diile 
the dog rose flowered folly three weeks in advance of the average in several 
districts. At Marlborou^ the first flower of the hawthorn was noted on 
April I5th, which is not only 29 days earlier than its average for that station 
in the preceding 28 years, but 15 days earlier than in any of them. The 
white ox-eye also blossomed 6 days earlier than the eariiest, and the dog rose 
11 days in advance of the previous earliest record. 

Three of the spring migrants on the list, the swallow, the cuckoo, and the 
nightingale, according io the returns, made their appearance in this country 
about a week earlier than in either of the two previous years. The flycatdher 
also arrived a trifle earlier than in 1892. 

The wasp, the small white butterfly and orange tip butterfly wereflrstseen 
from a fortnight to three weeks in advance of their avera^ records for the 
two previoas springs. 
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Ths Summer. 

This was not nearly so abnormal a season as the one preceding it. 
Thronghont June and the greater part of August the weather remained 
extremely warm, dry, and sunny, but in July, after the first week, the tem- 
perature was somewhat below the mean for the month, while the rainfall was 
for a time moderately heavy. 

In England the memorable drought of 1898 may be said to have lasted 18 
weeks — ue, from the b^^inning of March until the end of the first week in 
July. During this period there occurred but one week, the third in May, 
when the rainfaU was not below, being generally much below, the average. 

On dry soils the lime trees began shedding their leaves before the end of 
Jnne, and by August their foliage had become quite yellow. The hay crop, 
wbare gathered, proved one of the lightest on record, but was harvested in 
capital condition. The pastures also were so burnt up by the heat that the 
cattle and sheep suffered greatly, and in many parts of the country ;had to be 
turned into the growing com. In the gardens vegetables made but poor 
growth, peas especially being in most places the worst failure. On the other 
hand, in some of the northern counties of England, as well as throughout 
Scotland and a great part of Ireland, both form and garden crops appeared to 
appreciate the unusual warmth and were singularly luxuriant, owing to the 
timely arrival of copious rains whenever the ground was beginning to get, in 
any way, izguriously dry. In all parts of the British Isles trees, shrubs, and 
plants of all kinds came into bloom and fruit remarkably early. Indeed, 
many automn flowers were out of blossom before the autumn began. The 
harvest, too, was remarkably early, being practically over by the end of the 
third week in August throughout the southern and midland counties of 
England. 

The crop of strawberries, in all but the south-western and north-western 
divisions of England, and in Scotland, where it was about average, was a 
Taiy poor one. Bush fruits, on the contrary, were everywhere unusually 
abundant. 

The welcome and refreshing rains of July soon made themselves felt, and 
particalarly in the improved appearance of the pastures, but the beneficial 
effoel gradually passed away when they were over, so that by the end of the 
Bommer the grass fields in most parts of England had become as bare and 
brown as before. 

The continued heat and sunshine proved favourable to insect life. For 
instance, as the observers' returns show, wasps were so numerous in many 
counties in England as to amount to a plague. Butterflies too are reported 
to have been singularly abundant, and the comparatively rare clouded-yellow 
butterfly again appeared rather frequently in many localities, but not, how- 
ever, in such numbers as in 1892. The humming-bird-hawk moth was 
also noted as unusually abundant in the south and south-west of England, as 
weU as in some of the midland counties. 

Itie black kni^weed flowered more than three weeks earlier than its average 

mw nvM.— VOL. »• I 
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TABLE L— LIST OF OBSEBYEBS. 





1 


S 




Station. 


County. 





ObflOfYsr* 






Ft. 




A. 






I Marazion 


Cornwall 


40 


F. W. Millett 


2 Mawnan Smith 


Cornwall 


200 


Miss R Barclay 


3 Falmonth 


Cornwall 


190 


Miss Willmore 


4 Liskeard 


Cornwall 


400 


S. W. Jenkin, C.E. 


5 Tiverton 


Devon 


270 


Miss M. B. GiU 


6 Westward Ho 


Devon 


100 


H. A. Evans 


7 Instow 


Devon 


250 


H. M. W. Hinohliff 


8 West Bagborongh 


Somerset 


350 


E. G. Aldridge, F.B.Met.Soo. 


9 Sidoot 


Somerset 


200 


j W. F. Miller 
1 C. B. Bowntree 


10 Long Ashton 


Gloacester 


280 


] Miss T. L. Pyke 
) Miss H. Dawe 


II Clifton 


Gloaoester 


300 


G. C. Griffiths, F.E.B. 


12 Penarth 


Glamorgan 


120 


G. A. Birkenhead 


13 Cardiff 


Glamorgan 


40 


A. Pettigrew 


14 Castleton 


Glamorgan 


80 


F. G. Evans. FJt.Met.Soo. 


15 Bassaleg 


Monmoath 


= 5 


W. J. Grant 


16 St. Aryan's 


Monmoath 


360 


MiHA Mabel Poake 


17 St. David's 


Pembroke 


220 


W. P. Propert, LLJ>., FJLMet.Soe. 


18 AberTstwith 

B. 

19 Killamey 


Cardigan 


30 


J. H. Salter, B.So. 


Kerry 


100 


Yen. Arohdeaoon Wynne, FJLMetSoc. 


20 Wioklow 

0. 

21 Bembridge 


Wicklow 


10 


Mrs. Wyndham Wynne 


Isle of Wight 


80 


C. Orohard 


22 Blandford 


Dorset 


270 


J. C. Mansell-Pleydfttl, F.G.8., F.L.B. 


23 Baokhom Weston 


Dorset 


290 


Miss H. K. H. D'Aeih 


24 ' Pennington 


Hants 


100 


Miss E. 8. Lomer 


25 Strathfield TorgisB 


Hants 


200 


Bev. C. H. Griffith 


26 BexhiU-on-Sea 


Sussex 


10 


H. Le Mesurier Dunn 


27 Montham 


Sassex 


250 


Percy S. Godman, F.Z.S, 


28 Dover 


Kent 


ISO 


F. D. Campbell 


29 Bidborongh 


Kent 


420 


Miss Mawley 


30 Lynsted 


Kent 


140 


B. M. Mercer. FJt.Met.Soo. 


31 Famboroogh 


Kent 


350 


F. G. Minohin KeUy 


32 Swanley 


Kent 


220 


C. H. Hooper 


33 Chisleharst 


Kent 


360 


MIbb F. Duncan 


34 Biokley 


Kent 


300 


Miss E. Soott 


35 Coneyhnrst 


Surrey 


600 


J. Bussell 


36 Chart Yioarage 


Surrey 


350 


Rev. A. W. Watson 


36 Chart 


Surrey 


300 


C. Criddle 


37 Cranleigh 


Surrey 


180 


Admiral J. P. Maolear, F.B.Met8oe. 


38 Winterfold 


Surrey 


580 


R. Turvey 


39 Willinghorst 


Surrey 


400 


A. Nash 


40 Oxshott 


Surrey 


210 


W. H. Dines, B.A., F.R.Met.800. 


41 Ashtead 


Surr^ 


. • 


B. M. Prideaux 


42 Addlestone 


Surrey 


100 


C. U. Tripp, M.A., F.B.MetSoe. 


43 Croydon 


Surrey 


200 


MissGrahame 


44 East Molesey 


Surrey 


40 


Lady Jenkyns 


45 Farley 


wats 


. • 


Miss F. C. Henderson 


49 Salisbory 


Wflts 


150 


W. Hussey 


47 Marlborough 


Wilts 


480 


E. Meyriok, B.A., F.Z.S. 


48 Whatley 


Somerset 


450 


C. G. Whittaker 


49 Whitchnroh 


Oxford 


150 


Bev. J. Slatter, M.A., F.B.Met.Soo. 


50 Reading 

D. 

51 Oxford 


Berks 


. . 


H. Goadby 


Oxfoi^ 


200 


F. A. Bellamy, F.BJilet.Soe. 


'52 Cheltenham 


Gloucester 


250 


M. L. Evans 


53 Beokford 


Gloucester 


f20 


F. Slade, FJtvMekSoo. 
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TABLE I.— LIST OF OBSEBVEBS—Coniifitied. 



Station. 


Ck>anty. 


Height above 
sea-level. 


Observer. 


D. 




Ft. 




54 Watford 


Herts 


150 


Mrs. G. Bishop 


55 Broxboume 


Herts 


150 


Lady Frances Bnahby 


56 St. Albans (The 
Grange) 


Herts 


380 


Mrs. Hopkinson 


56 St. AlbanB (Ad- ; 
diacombe Ldn.^ 


Herts 


400 


Miss E. F. Smith 


56 St. Albans (St. \ 
Peter's Street) / 


Herts 


380 


H.Lewis 


56 St. Albans (New- [ 

berries) \ 

57 Berkhamsted 


Herts 


3x0 


H. Lubbock 


Herts 


400 


Mrs. E. Mawley 


58 Harpenden 


Herts 


370 


J. J. Willis 


59 Boss 


Hereford 


210 


H. Soathall, F.B.Met.Soc. 


60 Breinton 


Hereford 


230 


H. A. Wadworth, F.R.G.S. 


61 Bresham 


Woroester 


120 


Bev. D. Davis, B.A. 


6s Henley-in-Arden Warwick 


320 


T. H. G. Newton, F.B.Met.Soe. 


63 Northampton Northampton 


320 


H. N. Dixon. M.A., F.L.S. 


64 Chamhstoke 


Montgomery 


550 


P. Wright, F.K.Met.Soc. 


65 Borbage 


Leicester 


430 


C. C. Hnrst, F.B.H.S. 


66 Thnroaston 


Leicester 


250 


Bev. T. A. Preston, FJ(.Met.Soc. 


67 Uppingham 


Bntland 


300 


G. W. S. HowBon, M.A. 


68 WakaU 


Stafford 


450 


W. F. Blay, F Jl.Met.Soo. 


69 Tean 


Stafford 


470 


( Rev. G. T. Byves, FJt.Met.Soc. 
) Miss G. M. B. Byves 


70 Beeston 


Notts 


210 


G. Fellows, F.B.Met.Soc. 


71 Hodsock 


Notts 


60 


Miss MeUish, F.B.H.S. 


72 Eaton 


Notts 


. • 


J. Cordeaax 


73 Bakewell 


Derby 
Oheshire 


400 


Miss E. Taylor 


74 Maoolesfleld 


500 


J. Dale 


75 Belton 


Lincoln 


200 


Miss F. H. Woolward 


76 Harrogite 


Torkshire 


34« 


J. Farrah 


77 Hertford 


Herts 


140 


W. Graveson 


78 Hitohin 


Herts 


230 


J. E. Little, M.A. 


79 Ashwell 


Cambridge 


260 


H. G. Fordham 


80 Booking 


Essex 


240 


H. S. Tabor, F.B.Met.Soo. 


81 Lexden 


Essex 


90 


Miss Carver 


82 Spronghton 


Snffolk 


30 


Bev. A. Foster-Melliar 


83 Taoolneston 


NoHolk 


190 


Miss E. J. Barrow 


84 Wryde 

F. 

85 Heswall 


Cambridge 


10 


S. M. Bgar 


Cheshire 


160 


F. M. Sherwood 




Camarron 


350 


A. T. Johnson 


87 Claoghton 

88 Oig^eewiok 


Lancashire 


80 


Mrs. Kent Green 


Torkshire 


500 


B. Peake, M.A. 


89 Ambleside 


Westmoreland 


320 


S. A. Marshall 


90 Bgremont 


Comberland 


160 


J. Sherwen 


91 Cronkbonme 


Isle of Man 


no 


i A. W. Moore 
1 J. Morphy 


9a Orry'sDale 


Tsle of Man 


70 


Miss C. G. OreUin 


93 Solby 

0. 

94 Edgeworthstown 


Isle of Man 


80 


H. S. Clarke, F.E.S. 


Longford 


270 


J. M. Wilson, B.A. 


95 Longhbriokland 


Down 


350 


Bev. H. W. Lett, M.A. 


96 Saintfleld 


Down 


3x0 


Bev. C. H. Waddell, M.A. 


97 Antrim 


Antrim 


70 


Bev. W. S. Smith 


98 LnndonderiT 

99 BaUjnagard 


Londonderry 
Londonderry 1 

i 


♦50 
30* 


T. Gibson 

Bfiss A. M. CampbeU 
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TABLBL-UST OF QBSKBTKBS— CmMjmmA 



fttatirm 


t 

Gomiif. «>JS 


AitfwHj« 






PL 
Soo 
510 
300 
100 
100 




H. 
loo DalihangMi 
loi Tyiiroo 
lox Thomhill 

103 Jardingtoo 

104 Helensbnr^ 

L 

105 Doddingion 

106 Driffield 

107 Thirsk 

108 Ernst LftjtOQ 

109 Durham 
no Low Fell 
III C&mb(*is 

J. 
IIS Aberdeoi 

K. 
113 In^erbroom 


Dombtftoo 


T.B.Bnie0 
J.Shaw 
J.Knf^and 
J. Bolhcribfd 
Miss Hmzliead 


Tdncoln 
Yorks (E. B.) 
Yorks (N. B.) 
Yorks (N. R.) 
Dnrfasm 
j DarfaAm 
NorthamberUnd 


90 

So 

ISO 

350 
20 


BeT.B.E.Gol« 

The lata J. Lord* FJ.MeLSoe. 
A.B.Han 

Mrs. E. 0. Majaaid Ptond 
H. J. Carpenter 
! A.W. Price 
a Dannett 


Aberdeen 


40 


P. Harper 


Boa 


50 


J. A. Powler 


The nomben before \ 


ihe nunetol the S 
the Stat 


^tatioi 
ions. 


Dt refer to their poatioo 00 the m^p of 
Platen. 



dmte in nearly all the KngliRh districts, bat in En^and North-east, Bcotland 
West, and Ireland North, the dates are aboat a week bdiind the adopted 
means. The harebell in most places blossomed from a we^ to three weeks 
earlier than nsoal. The greater bindweed, however, eclipsed all the other 
plants OQ the list as regards earliness, flowering as it did in nearly all parts 
of the country frt>m a month to six weeks in advance of its nsoal time. At 
ICarlboron^, both the black kni^weed and the harebell flowered in advance 
of the previous earliest record (1876-92). 

The average date for the British Isles for the appearance of the meadow- 
brown batterfly was June 20th in 1891, and Jane 10th in 1892, whereas for 
1898 it comes oat as May 25th. 

Ths Autuwm, 

Regarded as a whole, this was a cool, dry and sonny season. In Septem- 
ber the temperatare was aboat the average, in October somewhat above it, 
while November proved moderately cold throaghoot the month. 

The second droaght of the year began in England aboat the middle of 
Aogost, and lasted in most districts seven weeks. This was again a most 
trying time for vegetation, indeed, more trying in many places than the 
previous droaght owing to the greater dryness of the sobsoil. Trees growing 
on porous lands consequently suffered much, and shed their leaves at an 
tmusually early date. The pastures became as parched and brown as before, 
the growth of the root crops was checked, early i^pples and pears ripened 
prematurely, while comparatively few flowers were to be seen in the fields or 
gardens. 
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From the time that this second drought came to an end until the close of 
the season, vegetable growths of all kinds made as rapid and complete a 
recovery as was possible so late in the year. The rainfall being sufficiently 
abundant, and the ground having been warmed to a considerable depth, the 
green appearance of the grass was revived as if by magic, so that farmers 
no longer wanted for keep for their cattle, while the growing roots rapidly 
increased in size. The land was in a most favourable condition for working, 
and the autumn com got in under the most advantageous circumstances. 

One of the most noteworthy features of this autumn was the number of trees 
and shrubs which flowered a second time, to say nothing of numerous her- 
baceous plants. This does not appear to have been confined to any particular 
district, but was common throughout the country. The most frequent 
instances reported were those of the dog rose, bramble, dogwood, apple, pear 
and horse-chestnut. This second flowering was no doubt due to the shoots of 
these trees and shrubs having ripened and rested during the drought and then 
started afresh into active growth when the rains came. To similar causes 
must be attributed the second fruiting of strawberries and raspberries which 
was almost as frequently noted. In order to give some idea of how quickly 
growths were made and matured during the summer, two instances may be 
quoted from the observers* notes. In one case sweet peas are stated to have 
flowered last autumn from plants which had come up from the ripened peas 
shed from the pods of the summer crop. In another, small dahlia plants 
were sent to me which had grown in a similar way from self sown seed. 
Fields, too, were to be seen in October gay with a second crop of poppies in 
full flower. Wild fruits of all sorts were especially abundant, and more par- 
ticularly acorns. But only in certain ports of the country were holly berries 
in any numbers to be met with. In most places the autumn tints were fine, 
owing to the gradual maturing of the foliage. 

The ivy was first noted as in flower in all the warmer parts of our Islands 
from 10 days to a fortnight earlier than usual, but throughout the colder dis* 
iricts was in most places less than a week in advance of the mean. At Marl* 
borough the ivy came into flower earlier than in any previous year (1876-92). 

The swallow appears to have taken its departure a few days earlier than 
in the previous year. 

As regards the autumn fruit crops, apples proved almost everywhere about 
an average crop, pears a poor crop, while plums yielded abundantly. In 
many places, notwithstanding the continued drought, the individual fruits of 
both apples and pears often attained an unusual size. Most of the early and 
mid-season kinds, however, kept badly after gathering. 

The harvest in all parts of the Kingdom began at a singularly early date. 
The wheat crop was much under average in the Southern and Eastern dis- 
tricts of England and about average in the Midlands, but elsewhere the 
yield proved as a rule good, and the same remarks apply fairly well to barley 
and oats. Beans and peas were much below average in nearly all districts. 
Potatoes, on the contrary, were almost everywhere a good and sound crop. 
Turnips and mangolds yielded indifferently, except in England North-west 
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and North-east, and also thronghont Scotland and Ireland. The crop of hx 
was however the worst of the year. (See Table IV.). Sir John Lawes M 
Tocteil atteatioD at the time to three noteworthy features in the English oom 
crops, viz. 1. The poor yield; 2. The good quality of the grain; and S 
The shortness of the straw. 

Tke Year 1893. 

In complete contrast to the phenological year of IB92, this proved 
singularly forward one throughont the Kingdom. The February and 
plants were certainly as a role later than usnal in coming into blosaom, 
mure especially was this the case in all the colder pajis of oar Islands, bnt : 
this the dates wore everywhere more or less in advance of the average, ai 
during the height of the flowering season the deportureB &om the mean we; 
often considerable. 

The year 1B98 was one of the worst agricultural years ever kaom 
tltroaghout fully two-thirds of England, whereas in Scotland the oropa t 
ruand, with the exception of hay, have seldom been more abundant. Heoi 
redeeming feature of thie generally diBOstrons year was the aatnmn, whii 
proved everywhere exceptionally favonrable to the &rmer. Moreover, 
would bo difficult to estimate at its trne value the benefits the land mn 
have received through the disintegrating effect of the frost of last winte 
followed OS it was by the fertihsing inflneuce of nine moothg of almoat ik 
ioternipted sunshine. 
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Olservera' Note$, 

DsoxHBEB, 1892« — I%vm'l0n (A.)* We have roses and Christmas roses open 
at the same time. Wichlow (B.)* 26th. All tropeBolnms killed by frost. 
Fetmington (C). Bedwings, fieldfares, green and golden plover nnmerous by 
the end of the month. 28rd. Picked a banoh of primroses m a copse. Burbage 
(D.)- 25th. Wallflowers in bloom until cut by last night's frost. Inverbroom 
(K*)- Ist. Noticed a very large flock of snow bunting at sea-level, a very rare 
occurrence on tiie west coast. 5th. Shot three grouse in the valley not 100 ft. 
above sea-level, where grouse had never been seen before. 

Jamtjabt, 1898. Ah&ryitwUh. (A.). 6th and 7th. Great rush of migrants 
down the coast, caused by the first decided snow&U of the winter. Many thous- 
ands of starhngs and sl^larks passed. 8th. Picked \r^ several starved and 
crippled larks. Pennington (C). 20th. Winter aconite m flower. Sirathfield 
Turffw (C). 22nd. Winter aconite in flower. Churt (C). 28rd. Winter 
aconite in flower. AddUstone (C.)* 81st. Winter aconite in flower. WhaUey 
(C.)« 28rd. Winter aconite in flower. Kjheltenham (D.). The severe fiK>st 
tried vegetation very much, and all the cabbage tribe simered severely. Beck- 
ford (D.). There being no snow on the groimd, vegetation suffered much during 
the long frost — aJl the celery frosted, and spring cabbage killed. Berkhamsted 
(D.). Owing to the great depth to which the frost pene&ted the ground, all my 
montbretias and globe artichokes were killed. The latter had passed tiirou^h 
the previous eight winters without serious injury. 24th. Winter aconite m 
flower. Rosa (D.). Frost destructive to many half hardy plants owing to the 
suddenness with which it set in. Churchatoke (D.). Swedes have ffbood the 
frost, but it destroyed the turnips. Lexden (E.). 25th. Winter aconite in 
flower. Penmaenmawr (F.)- Fieldfaores, redwings, and song thrushes suffer- 
ing very much from severe fiK>st and snow. Edgxoorthstovon (Q.). 22nd. 
Snowdrop in flower. Tynron CH.). Half the shoots on a Gloire de D^on 
trained up the house wall were lolled by frost. Driffield (I.). Turnips much 
damaged oy frost. Durham (I.). Wild ducks have oeen venr scarce. Lap- 
wings left during the frost, but returned on 28rd. Camhois (L)- Turnip crop 
much injured by frost. 

Febbuabt. — Aberyatwith (A.). 4th. Frog spawn seen. Blandford (C.)- 
10th. The first adder seen here. They are very common this jjrear. My keeperi 
without moving, shot seven basking in some underwood, besides several curled 
up together. Frog spawn seen. Pennington (C). No spring com put in, owing 
to constant wet weather. 11th. Frog spawn seen. Croydon (C). 10th. 
Winter aconite in flower. WhaUey (C). 2nd. Primroses in flower. Harrogate 
(D.)> 19th. First frog spawn. Dalahangan (H«). 4th. Winter aconite in 
flower. 

Mabch. — Marazion (A.). 2drd. Sand martins and wheatears first seen. 
Mawnan Smith (A.). 2l8t. Chiff-chaff seen. Baaaaleg (A.). 26th. Syca- 
more in full leaf. fVicklow (B.). 16th. Foliage of trees, &c., extraordinarily 
heavy and good. Crops so far promise well. Bemhridge (C.). 4th. Gathered 
mushrooms in two different places. 5th. Elms in bloom. 80th. Humming 
bird-moth seen. Pennington (C). A splendid March for working the land. 
17th. First blackbird's egg. Swanley (0.). Slst. Cher^ in flower. Bickley 
(C.)* l^!^' Painted-lady butterfly seen. Churt (G*)* Bamage done by frost 
to my tea roses exceptionally great. 19th. Gloire de Dijon rose in flower on a 
south-east wall. Addleatone (G.). 15th. Almond in flower. Whailey (G). 
25th. Insects abundant, especially butterflies and beetles. Cheltenham (D.). 
12th. Almond in blossom. Watford (DO* Cherry trees in full blossom. St, 
Alhana (Newberriea) (D.). 20th. Frog spawn seen. Churchatoke (D.). 18th. 
Frog spawn seen. Thurcaston (D.)- The severe frosts of this month did much 
damage to blossoms. Laburnums in some places had but one flower on a 
raceme, and the horse-chestnuts lost large quantities of flowering shoots. Belton 
(D.). 12th. Wryneck heard and seen. Helensburgh (^), 2l8t. Hedges quite 
green. Thirak (I.). 29th. Butterflies imusuaUv abimdant for the time of year. 

Apbil. — Marazion (A.). 11th. Clouded-yellow and brimstone butterflies 
seen. Mawnan Smith (Au). 24th. Gooseberries | to } in. long. Clifton (A.). 
19th. Swarm of bees taken. St, Arvana (A.). 10th. White butterflies 
nunpts^cfOB. Abat^fwM^ (A.)- Lilacs aird ^ froit tMds in ftiJI bloom Vy end df 
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first week. Btmbridgt (C.). 9th. Cuckoos and swallowB nimierana. QOlti. 
Clouded yellow butterfly eeen. Buckhom Wtston. (C). 26th. Borse-ohest- 
DUts and hawthorus in full Hower. PenningPm (fi.)- Vegetables Retting vsrr 
scarce. Plants coming quickly into bloom, but flowers soon over. Pastnrt 
graaa burnt up and feed vet; aoaroe— mangolda having to be dnwn to the oMla 
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daily. The medlar flowered 85 days earlier than in 1892. Straihfitld Turgisi 
(O- The wet Pebrnary and dry warm March have produced early moveEaenta 
on the part of the biriiB, bat vegetation generally is backward. Swanley (C.)- 
SEKh. Conunenced picking gooseberries for market. CAtsieAurd (C.)- Poison- 
Dna adder killed over 2 ft. long, none of the sort seen for 20 yesje. BickUy 
(CJ. aOth. White water-lily in flower. CbneyAuMi (C). 80th. An oak in 
leaf and quite green. Chart (Q.). 2nd. Wrvneok first heard — an uoasually 
early date. AddUttone (0.)- At the end of the month hedge sides and fielde 
were covered with flowers, and the trees with leaves. Eatt Moleuy (C.). 80th. 
The horse-chestnut avenue in Baaliey Park now in full bloom — a remarkably 
early date. Salithury (C). A garden orab watched for 17 ooneecntiva years 
flowered on the 4th, or three days later than in 1882. In 1879 it did not open a 
flower till May 22nd. Wliilchiirch (C.)- 2Ut. Elms so fully out as to make 
oom^lete shade. Reailiivj (C). ^rd. The river (Thames) is gradually foiling, 
and la now 2 ft. below the usiuU level at this time of year. Oxford (0.). Haw- 
tiiom in flower on 20th, 18 days earlier than the previous earliest date, 1B82. 
Beekford (0.). 14th. The blossom on the cherries, ploms, and pears, damaged 
by fit>Bt. St. Albant (Addiaeombt Lodge) (D.). Beeds, in spite of being watered, 
refused to germinate till rain came. Sweet peas sown March 20th came up 
i^ril 18th. Wal/ord (Q.). 8th. Wryneck first seen and heard. Berkhanuied 
(D.J- 1st. A wild cherry in flower a month in advance of the previous 7 years' 
average. Rot* (D.). Srd. 41 different wild plants noted in one week. Breinton 
(D-). 14th. Oaks and elme came into leaf together. Barbage (D.)- Cuckoos 
nnnsnally numerons this year. Wnltall (D,)- 17th. Oroharda in full blossom. 
Have never known such a display of bloom in this dintrict. Buaton (D,)- The 
■wallow was first seen two days later, and the cnekoo heard five days earlier 
than their respective average dates for the previous 18 years. 14th. Apples, 
cherries, and damsons in mil bloom. Hodtock (D.)- Ist. Wild cherry in 
flower. 24th. Elms in leaf and some oaks, but no beeches. HnrrogaU (D.). 
ApplM, pears, and oherriea generally in bloom. BiUhin OB.). Swift first seen. 
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TAELB IV.— Dab [Du ot Tuk) ov Soto um Miauruni or Bik>i, ub For 

AprUBAKOE or iNBKCVB, iSgj. 
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lBLS it.— Dux (Dii ta Tub) or Bona 
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Pttmammatfr (TJ* Bth. CndoM to; ^antifiiL Oii)y'**»Ki ^J. I btn 
never befora wen snch bloMom od the qjeaonore and Mh. Sam^dd (QJ. 8th. 
Never remember to have seen the hedgea so gMen ao early in the jear. iiMir- 
brtxun (K.)- 'ifftfa. Lilac in flower. 

Mat. — Maraziom <A.). The dnraght has had a diaartnnu effect on the (ti^ 
produce of this district, potatoea and braeoolL One groww planted cme tan of 

Ctoes in a me«>iow, and the prodnoe wei^ied exaotl; one ton and nine ponnd*. 
-nan Smith (A.)- Pniit bloMom abundant. 18th. Swift seen. Slat. Ha; 
b«ing cut, very poor eto^ Cowa turned into nnont hay. Faimauti (A.)* 14th. 
Bipe wild gtrawberriee gathered. LUkeard (A.). Treea and ibmba flowering 
very freely. Owing to drought and aonahine everything brought Tery n|ddly to 
mainrity. Scarcely any hay. ^deot (A.)- Many wild pUnta appear in a -mtj 
stunted form, eepeoally the orchis, numy being in foil flower and lew than an 
inch high. Cliflim (A.)- Blaokthoma, hawthorns, and oheatuuta ware thiok^ 
eovered with Uossom, bat owing to the great heat the flowera quioklv fitdacL 
The emergenee of inoeets wat re in ar kri i l y early. L<mg AmJUoh (A.). "Sin 
grass haa been entirely burnt im, and foe some tew days amelt just 1^« haj. 
Ptnarlh (A.)- The warm weather oaosed inoeets to appear in g re at noinlMn 
during the apring. The diffarcnt speeiea of laptdoptera were about a mouth 
earUer than usual. CatlltUm (A.). All grass lands sufiered and remaiiMd bare 
for lack of moiature. The nightingale, which onlj Tint* theae parte in ezcep- 
tionally fine seaaona, was in foU song. BattaUg (A.). SOth. ^Vheat in Idl 
«Bi. St. Arvai* (AJ. Putuif Undi very bw« nd btowxi. 81. Dmidtt (A4- 
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TABLE Vn. 

YaRUTIOIIS PBOX THB AvXR^OB^CoTlliTltM^. 

Summer 1893. 
Temperature. 



Months. 



Jane .. 
J0I7 .. 
Angost 



Eng. 
SW. 



o 

+3-3 
4-1-8 

+30 



Smnmer 



+27 



Ire. 

S. 



-j-3-o 
-f-3-2 



4-2-6 



Eng. 
S. 



4-1 'o 

+2-8 



Eng. 
Mid. 



-)-2'2 



+3'o 
+1-3 
+3-8 



Eng. 
E. 



Eng. 
NW. 



Ire. 

N. 



+«*8 +3*3 +3'5 
08 4-r8,+i-5 



to] 
2'( 



4-2-7' +1-7 



+3*4 +3'o 



4-2-8 4-2-7 




4-2-1 4" ''6 



4-1-84-2-2 



Bain. 



Jane ., 
Jalj .. 
Aagast 



Sammer 



Ins. 
— i-i 

+'•« 



Ins. 
—0-8 



Ins. Ins. 



—0-9 



—0-4,4-1-2 



—1-4. 4-0*3,— I'i 



>7 



>*9 



>*9 



— i-i 

4-o'3 

— I'O 



Ins. 
-09 

-|-0-2 

--0-3 



Ins. 



Ins. 



— 0-6 —1-5 



Ins. 



Ins. 

—0-4 

-|-o-2| -I-0-5J -|-o-2' 4-o'4 



I 

Ins. • Ins. 
4-0-6' — 1-6 
.-34-0-4 



— 0-6 -^o'9' —0-6 —0*7! — 0-4 4-0*2 



—1-8 



— .1-0!— 0-8 +0-S 



— 1-9 — 0*9 — o-i 



— i.o 



Sanshine. 



Jane . 
Jalj . 
Aagast 



Sammer 



hrs. 


hn. 


hrs. 


hrs. 


hrs. 


hn. 


hrs. 


hrs. 


hrs. 


hrs. 


+ 71 


+.6 


+ 44 


+36 


+35 


+36 


+ 38 


+36 


+30'+ I 


t« 


— 6 


r ^ 


— 7 


— 8 


+ • 


+ 30 


— 5 


—12 — 26 


+41 


+ 55 


+s« 


+40 


+39 
+76 


+ 41 
+ 109 


+44 
+75 


+5» 
+70 


+»3 

— 2 


+116 


+5« 


+105 


+«7 


+67 




Autumn 1893. 
Temperature. 



September . . 

October 

November .... 


— 2-2 
—0-2 




^-0-3 

0-0 

—3-0 

— I-l 



0-0 

+»-5 

— 2-2 

+0-I 




4-0-3 

+2*5 
— 2-0 

+0-3 




—1-3 

+25 
—1-4 

—0-1 


+0-3 

+2-0 

— 1-6 
+0-2 


+0-3 
+0-8 
—1-6 

— 0-2 




—0-5 
+••3 

— •8 



0-0 

4-1-8 

— i-o 



—0-8 

4-1-8 

-2-6 


Aotamn 


— 0-3 +0-3 


— 0-5 



— I-o 

+1-3 
—3-2 

— 1-0 



Bain. 



September 
Ootober ... 
November . 



Aatomn 



Ins. 
— i-i 
4-0-6 
— 2-2 


Ins. 
— I-o 

— 0-4 
— 2-0 


Ins. 
— 0-2 

+>•« 

1*2 


Ins. 

— »-5 
-0-5 

-^•5 


Ins. 
-1-6 
+0-2 
4-0*2 


Ids. 
+0-6 

+o'3 
—14 

-0-5 


Ins. 
— o*i 

+o'3 
— 1-6 


Ins. 
— i*o 

+ 1-3 
—2-4 


Ins. 
-0*8 

— 1*2 
— 0*2 


Ins. 

—0-6 
—0*4 
—0-5 


—2-7 


—3*4 


~o-3 


35 


— 1*2 


-1-4 


— 2-1 


— 2-2 


—1-5 



Ins. 

+3-4 
+3-0 



+8-8 



Sanshine. 



September.... 

Oetober 

No? ember • • . . 



Aatomn • • . . 



hrs. 
-.13 

-■ 3 
--26 



+4* 



hrs. 
4-16 

+ 4 
+13 



+33 



hrs. hrs. | hrs. 
+171+31 +19 



» 



+s« 



-^-20 
4-12 



+63 



4-26 
+ 13 



+ 58 



hrs. 
+ ' 

+13 



-\-21 



hrs. hrs. > hrs. 
4-23 ! 4-20 I 4-34 



+ 4 +11 
+31 +3* 



hrs. 
+ 6 



+ 58 



11+4314-18 



4-18 



+ 3 



+63 +95 +»7 



hrs. 

o 

-36 

->3 



—49 



The above Table has been compiled from the variations from the mean given in the 
ITfiMy ITMtAer Riportt issued by the Meteorological Office. 
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OrSM laoda gener&llj wjorched and bare. Mucih Ute eownb&rle; hu nol gnai 
nated, aad tomipe have oome up and withered awa;. Aiery$tii>Uk (A.). SM 
Qrauorop extremely thin and goanty. Kiilamtff (B.). No real injnrr dm 
hare by toinght. 2l8t. Pea* and potatoes ready for eating. Btmbridg* (CJ- 
eth. Gathered ripe Bbrawberries. Meadow and grass crops dried np, no pn* 
poot of any hay. ^Theat oropa snfTering. Bailey not half eown, and ^lat hu 
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beenBOwnremainsdormant.asis the case with many other HmollBeedB. BueUtn 
H'uUm (G.). All flowering shrubB and trees have bloomed in anjamund ^"P" 
while ouier plants have not been np to the average. A great scarcity of bird 
this seoBon. 10th. Picked ripe strawberries. 15th. No food in the pMtoR 
for the cattle. Penmnglon (C.). Gth. Gathered a boncb of Mar^chal Niel IB 
Oloire de Dijon roses from a wall. 22nd. Commenced cntting pennana 

Saatnre grass, the worst crop ever known. Slralhfitld Turgia (C.)- FUn 
owering abnormally early, but tlieir growth greatly stunted. Migratory fab 
do not seem to have been aCFected by the nnusaol weather, indeed, ainna^a 
later than the average. From the dryness of the weather, the'mad osiiig bM 
^specially awiCIowei martins, and swifts, have had great difficulty in makii 
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tiuix qmU, Mveral faUIng from the non-ooheranoe of the tuatenftl employed. 
Ibm late boilding thraahsH and nnthatohea also have been Bore put to for " olaj." 
Jjmtttd (C.)- Owing to a wet February and drought following, a large b~ 
ra Iftnd intended for Hpring com haa not been aown. Famborough (C.). 

BtoftwbwriaB aent to market, moat tmasuallv early for field grown fruit. S ^ 

(0.). B«ads germinate very slowly. Biekl*;/ (C.). Foliage on trees fall and 
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perfect, also flowers, eapeoially horse -chestnuts. Ckarl (C). Ist. May -fly seen. 
MHh. Dahlias damaged by frost, and in the lower portions of the pansh the 
potato haulm was killed. Slst. Tlie rise of the I^f ay-lly i^ now practically over. 
In many years it is hardly beginning nt this duto. Ortlioll (C.)- Hardly any 
gnu or vegetables, owing to tho nbsencc of rain. Wheat cars fully fonned by 
cod o( month. Aihleail (C). Young Bccdlint; treon, eHpeciiilly bt'pcb, killed by 
droogfat. At end of month there wore a number of bright red and brown shoots 
to be seen on tho oak, maple, dof^ood, &c., roniindin-; ono of tho so-called 
" lammas shoots " usually seen in August. A dille'l-ne (C.). Seeds sown did not 
MRninate owing to dryness of soil. 30tli aniT 31 -t. I'otdtoes blackened by 
frost. Grasses, cotu, &c., flowering pruuiatiircly and very sliort in tho stalh. 



148 lUWLIT — ^BSPOBT ON THS PHBNOLOaiOAL 0B8BBVATI0H8 FOB 1888. 

JEScut Moleiey (C.)* 15th. Trees and shrabs none the worse for the long 
drought, bat small plants drooping and grass dried up. Farley (GL). Grope 
mnch injured by drought, partioolarlv the grass. 7th. Qloire de Dgon and 
Jiar^hal Kiel roses in bloom. Hawthorn in full beauty before May let. 8l8l. 
Potatoes injured by frost. Marlborough (C). Common yellow toadflax (Linaria 
vulgaris) 44 days in advance of its average time, and the earliest yet obsenred. 
Beading (C,). The hay off three fEkir sized meadows was loaded on one oart. 
Oxfwa (D.)* 15di. Dog rose in flower 15 days earlier than the preyiooi 
earliest date. May 80th, 1880. Chellenham (D.). very fine show of blossom on 
fruit trees, but cold nights and ^rou|^ht prevented much of it setting. Flowers 
of cowslips, buttercups, ox-eye daisies, &c., stunted and small, but trees and 
shrubs, the roots of which go down deeper, blossomed splendidly. Beekfbrd 
(D.). The foliage of the woods is magnificent, and there is a grand show of 
blossom on the n-uit trees. Some of the field misses not worth cuttmg. 20th. 
Strawberries ripe. 29th. Bed currants ripe, natford ^D.) Few wila flowers 
to be met with. Many bullfinches in the garden, which is unusual for Walford. 
Broxboume (D.). Never saw the blossom on the apple, pear, peach, plum 
trees, Ac, finer or more abundant. St. Albans (D.). Foliage scanty, blossom 
abunduit. Berkhamsted (D.). 10th. A wild dog rose in blossom, 81 days 
earlier than tiie average for the previous seven years. Evesham (D.). The first 
crop of peas almost a failure. One farmer got nothing but fodder for his oattle 
from 80 acres. Many fields sheets of white ox-eye, in exceptional abundanoe, 
but undersized. Northampton (D.). Pastures dried up. Plants flowered 
extremely early, but the blossom did not last lozig. Cateipillars were yery 
destructive to foliage. Burbage (D.). Low growing vegetation has suffered 
severelv from the bought, but the trees, with the exception of some caterpillar 
and aphis attacks, have thriven remarkably well. Grass keeps dreadfully snort. 
Glover leys, strange to say, have wonderfdl crops with some plants 8 ft. high. 
29th. First green gooseberries picked for market, 28 days earlier than in 1892. 
80th and 81 st. Bunner beans and potatoes blackened by firost. ThwreoiUm 
(D.). First blossom out on hawthorn on April 19th, and out of flower on May 
19tn. WaUall (D.). 20th. No grass. Lawns scorched into brown and bare 
patches. Tean (D.)* The grass has not suffered much firom the drought here. 
Indeed, the fEurmers expect a specially good hay crop. Beeston (B.). 8th. 
Lawns burnt brown as m summer. Bodsock (D.). 8th. Gathered a dish of 
strawberries. Bakewell (J),). Slst. Vegetation has not suffered much from the 
recent drought. Outlook for crops fairly hopeful. MaccUnfield (D.)- Have not 
suffered much from drought here. Blight and caterpillajrs nave almost strij^ed 
the apple trees of leaves. 1st. Most forest trees in full foliage. BeUon (D.). 
Grass parched, and in places killed by drought. Strawberries ripe. HUehin 
(E.)- 2nd. Landrail neard. Lexden (El). We are feeding blackbirds and 
thrushes the same as in a hard frost, as they could get nothing off the lawn. 
Sproughton (El). Absolutely no grass, not even on the water mellows. Wtyde 
(il). 9th. Finished sowing barley. Very little came up at ail until July, and 
never came to maturity, owing to dry weather. 25th. Ploughed up beans sown 
in February, they were not more than 6 ins. high. dlst. Pastures appear 
baked up, with grass dying. Some spring com has remained in the ground 
nearly two months, and is as dry as when put in. Penmaenmawr (F.). 18th. 
Strawberries ripe. 28th. Hay a very short crop. Ambleside (F.). An early 
season with short spring growths — hay, trees, &c. Orry's Dale (F.)- ^he lilao 
has flowered in unusual profusion. Edgeworthstoion (Q.). 81st. The rain&ll 
has been very light, all crops, however, are in a wonderfully flourishing and 
forward state, some meadows being so heavy already that a shower of rain quite 
laid them. Loughbrickland (G.). The spring abnormally fine and dry. 
Butterflies scarce. Londonderry (G ). The fiaiiners say thoy never remember 
so £ftvourable a sesbson. Drought generally, but occasional copious timely 
showers. Ballynasard (G.). Very hot and dry season, with very occasional 
rain, which saved tne crops. Tynron (H.). Never before recoUect seeing roses, 
brambles, and fox-gloves in bloom in May. Thomhill (H.). No injuries from 
drought, abundance of grass in the pastures, dlst. Two species of heather in 
bloom. Jardington (H.). Grass abundant. Drought not injurious here. 
Doddmgton (I,). Slst. No grass owing to the drought, and pastures as dry and 
burnt up as in August. Driffield (L). Uth. Potatoes blackened by frost. 28th^ 
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First Btrawberrr gathered. Durham (I.). Grass improved rapidly after the 
nana of the 17tn. Swallows and swifts plentifcd. 6th. Swift first seen. Low 
Pdl (L)f Gloire de Dijon rose in flower daring the last week. Camhois (L). 
Oate and hay the only crops injured by drought. Aberdeen (I,). One of the 
driest springs on record, but favourable for preparing ground for seeds. Crops, 
both fidd and garden, except hay, most promising. Swallow and cuckoo arrived 
mmsnally earlv. Inverbroom (a.)- This has been the best spring known for 
many years, plenty of rains and damp mists. An abnormal quantity of wasps, 
green fly, caterpillars, &o, 

June. — Marazion (A.). Strawberry plants produced little or no fruit, owing to 

drought. KiUamey (B.) . The greater bindweed bloomed 28 days earlier than 

its avenu;e date for the previous 10 years. Bembridge (C.)* Began cutting 

meadow hay, very light crop, and carted the next day. Pennington (C.)* At 

the end of the month gardeners busy sweeping up leaves. 7th. Haymaking 

oyer, sadly deficient crop, 4 tons only carried where 45 tons have been 

Menred in good seasons. 19th. Leaves on limes and planes changing colour 

and &lling fEkst. Bidborough (C). Black currants have shrivelled and dropped 

off the bashes owing to £rought. Swanley (G.)> 5th. Kipe cherries sent to 

market. 12th. Raspberries sent to market. 14th. Black currants sent to 

market. Churt (C). Owing to the drought, plants flowered abundantly, but 

▼ery early, and blossoms sm^. When picked thev soon withered. Addtestone 

(0.). Many fimit trees, &c. killed by drought. Whatley (C.)* Towards the end 

of the month birds were found dying in the fields for want of food. Beckford 

(D.). 12th. Some meadows mown for hay, others not till August 15th, and 

many not at all. Watford (D.). Grass dried up, cutting the green barley for 

eattle. Harpenden (D.)* 2nd. First wheatear observed out of the sheath, this 

IB exceptionally early. In Sir J. B. Lawes' grass experiments at Bothamsted, 

the plot which never receives any manure yielded 8 cwt. of hay per acre, instead 

of its usual average of 21 cwt. ; and the plot the most heavily manured yielded 

38 owt. per acre, mstead of an average of 57 cwt. Ross (B.). 8th. Black 

eomyits ripe for use. Burbagt (B.) Grazing pastures a pitiable sight. Thur- 

eatian QD,). Hay crop ridiculously small. Flowers over almost as soon as open. 

Tean (])•). 8th. First hay cut. Hodsock (D.). 16th. Grass very burnt. 

Harrogate (D.). 18th. Haymaking began, but crops exceedingly light. 21st. 

Nmneroos nests of wasps and hornets. Lexden (if V No hay to be cut, the 

pastures being all dried up and burnt, and no foader for sheep and stock. 

J^enmaenmawr (F.). 15th. Hay harvest began, very thin crops. Claughton 

(F.)- 80th. Hay cut. Tynron (H.). 2nd. Since recent copious rains the 

eoontry is looking extremely verdant. Driffield (I.). 8rd. Gathered first | lb. 

of strawberries, 82 days earlier than in 1886. 20th. Remarkable profusion of 

wild rose bloom. ThirskiJ^, 20th. Haymaking began. Low Fell ([,). Cuckoo 

And oomerake scarce this year. Inverbroom (£.). Wasps, house flies, bluebottle, 

fte. very numerous. 

July. — Falmouth (A.). Blackberries ripe at end of July, and unusually fine 
ftud plentiful. Killamey (B.). Mushrooms and wasps in unusual quantity. 
97th. Hollyberries red in many places. Bembridge (C.)* 4th. Clouded-yellow 
butterflies very abundant. Buckhom Weston (CO* Great numbers of ladybirds, 
which are rarely seen here at all. Penninaton (C.). Mushrooms very plentiful 
to a fiortni^t m tiie middle of the month. Wasps a great plague (140 nests 
destroyed at one place onlv), and did much injury to cherries, plums, and pears. 
Bwmdey (CO Ist. Bed and white currants sent to market. 8rd. Early 
potatoes and apples sent to market. 24th. Plums sent to market. Addlestone 
(0.). Wasps very troublesome. Whatley {C,)» Butterflies very scarce, notably 
the small copper. Have seen humming bird moths three times. An enormous 
number of wasp's nests. Cheltenham (D.). The rains rapidly restored the pas- 
tures, and a sxnall second crop of hay was well secured. Beckford (D.). Began 
cutting wheat. Watford (D.). Birds devoured all our peas, crop after crop. 
Wasps very abundant. Berkhamsted (D.). 4th. When digging up some pota- 
toes m my garden, the ground in which they were growing was found to be dust 
dry to the depth of 17 ins. Harpenden (D.)- The seeds of most root crops were 
in the ground several weeks before they germinated at all, and even after germi- 
xiatiou the plants made but little growth, until the rains of July moistened the 
bardened soiL Walsall (DO* Hth. Young lime, beech, and 9Ua trees tgaS^ 
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leafloss. Somo treos show autumn tints, and the leaves are rapidly falling 

tlirou«rh drought. 80th. Most trees quite recovered, and have a spring-like 

appearance. Apple trees with second blossoms on them. Tean (D.)* After the 

thimdcrstorm of the 8rd grass grew rapidly. 26th. Blackberry ripe. Hodaock 

(D.). At end of month grass very green, quite like spring. 26th. Harvest 

began. Harrogate (D.). 8th. Terrible thunder and hailstorm. Some of the 

large pieces of ice which fell weighed over an ounce. About half the com crops 

destroyed, also potato tops. Large slices cut off many apples by the shwp 

pieces of ice, without bringing the fruit from the trees. Booking (£,)• At the 

oeginning of the month the grass was much burnt up and browned, bat rapidly 

recovered in a week or two. Lexden (E.). Ist. Lime trees shedding their 

leaves. Tacolneston (E.). Wasps extremely numerous. Apples an enormous 

crop, and very fine and good. 28th. First wheat and oats cut. Egremoni (FJ« 

Wasps very numerous. Jardhigton (H.) 28th. Harvest began. HtUntitiargk 

CH ). 28th. Barley in the stook. Driffield (I.). 12th. Wasps very plentifiiL 

ThirskCL^. 20th. Harvest began, and was over in about a fortnight. LUUesieaf 

(I.). Flycatchers unusuaUy numerous. 29th. Wasps very numerous. 

August. — Marazion (A.). Saw some specimens of the clouded-yellow butter- 
fiy. Long Ashton (A.). 24th. There are sweet peas in our garden blossoming 
from self-sown seed. St. DavicTs (A.). Great scarcity of grass, and stock selling 
at nominal prices. Bemhridge (G.) 24th. More clouded-yellow butterflies. 
Wasps very numerous. Pennington (C.)* Harvest commenced Jmie 27th, but 
not over by the end of this month, owing to late sown spring oats and barley not 
coming on from scarcity of rain. 8rd. Althea Frutex in flower 77 days earlier 
than in 1892. 10th. Last swift. Swanleg (C). Brd. All com on farm carried. 
18th. Damsons sent to market. Chislehurst (C). 18th. Elms and limes 
quite yellow, and a great quantity of leaves have already fieJlen. C^tiW (0«) 
Grass growing rapidly since the rains. Oxshott (C). Garden produce ahnoet 
nil throughout the summer. Quite a plague of wasps and flies. AddUiiom 
(G.) 17th. Fruit crops much injured by wasps. Lawns again brown and bare. 
East Molesey (G.)> Grass, which had revived, now worse than ever. Wasps not 
unusually plentifal. Whatley (C*)* 28th. Wasps have been very numerous 
the last few days. Small copper butterfly quite common, but no painted-ladies. 
80th. Humming-bird moth numerous. Oxford (D.). Wasps almost a plagiie. 
Cheltenham (D.). Pastures again brown, and the trees are shedding Uieirleaves. 
Vegetables very scarce. Beckford (D.)* 80th. Pastures brown and grass dried 
up. Pools and water courses dry which were never known to fail before. Bmrkkaw^ 
sted (D.). 1st. Until to-day no measurable quantity of rain water has come 
through the 2^ ft. of soil in my percolation gauges since March 12th, or for 90 
consecutive weeks. Rose (D.)- Wasps not extraordinarily numerous, less so 
than in 1846. Walsall (D.). Saw several meadow brown butterflies in the 
garden — first time during eight years. Hodsock (D.) By beginning of montli 
hawthorn berries were ah*eaay red. Harrogate (D.)* Harvest practically over. 
Booking (E.). For about a week in the middle of the month there was a perfoet 
plague of wasps. Butterflies not more numerous than usual. Wrude QL). 
2nd. Began harvest. 80th. Finished harvest. The worst on record, andno 
straw for winter use. Pennuienmawr (F.)- Good crops of com well harvested. 
25th. Cutting second crop of meadow hay. GiggUewiek (F.)* Such a good 
year for gardens has not been known before in this district. BdgeworikHoum 
(Q.). No plague of wasps here. Antrim (G.). Leaves began to ML earlv in 
the month. Butterflies numerous, but no plague of wasps. Bcdlynagard OS.). 
Butterflies unusually nimierous. Crops generally good. Tynran (hJ. sSl 
Wild raspberries nearly over. Mountain ash berries ripe. The drought has not 
injured the crops. Driffield (I.). 4th. Harvest began, or 27 days earlier than 
in 1891. 1 8th. Wasps unusually abundant this season. 21 st. Trees perma- 
nently dropping their leaves. Foliage thin throughout the smnmer. 81st. 
Everything injured more or less by d^ state of the soil. Durham (I.). The 
second blossoming of flowers was common. Summer flowers and foliage 
luxuriant, but the blooms lasted no time, and the leaves fell much earlier than 
usual. Low Fell (J.). Wasps very numerous. Camhois (L). More waspe 
. than usual. Potatoes a good and heavy crop. 

Beptembeb. — Marazion (A.). Strawberries produced a considerable quantity 
of ripe fruit. Mauman Smith (A.). 28rd Gathered two ripe wild strawbexxiee. 
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8L Arvan\9 (A.). 24th. Grass lands dried up. St, David's (A.). The long 
dron^t did not damage wheat crop, nor potatoes and turnips. Kdlarney (B.). 
16th. Delphinimns, perenniab, phloxes, apples, bay, horse -chestnut, and dog 
rose flowering a second time. Horse-chestnuts quite ripe. 21st Laburnum in 
flower (three specimens sent). Bemhridge (C.)* Many trees and shrubs, the 
■hoots of whum had become ripened and rested during the hot weather, were 
itaried into growth again by the recent rains. Many apple and pear trees 
flowered. A syringa grandiflora blossomed from this year's wood. Mushrooms 
▼ery jplentifoL Carrots, beets, and onions a complete feulure, owing to seed not 
gommating when sown. 24th. Wasps very numerous. Buckhom Weston (C). 
l%e wild roses, and also Scotch roses, are blooming again, while the dog-wood is 
in fall blossom, with ripe berries. Pennington (C.). Hips, haws, and acorns 
very plentiful. An apple tree with several blooms on it. Slrathfield TurgUs 
(Oj* Scarcity of wild flowers, nearly all having bloomed so much earlier than 
nsoal, seed pods taking the place of blossoms. Many plants have blossomed 
twice, and even thrice, e.g, dog-wood. Butterflies have been very numerous. 
More acorns on the oaks than I have ever seen before. Chislehurst (C,), A 
mat quantity of hmnming bird moths. Cranleigh (C.). 5th. Gathered straw- 
berries from old plants. Apples small owing to drought. AddUsUme (C.)* 
96ih. Second crop of strawberries ripe. 80th. Bed-admiral butterflies abun- 
dant. FarUy (C). 28rd. Dahlias killed by frost. Salisbury (C). Wild 
imitB nnusually abundant. The cornel was nearlv as fully in flower as in spring. 
90th. Dog rose in flower again. Cheltenham (D.). By the end of the montn 
the fi>liage of most trees had become verv thin. Watford (D.)* Pastures ve^ 
dry. Very few flowers in ihe garden, soil so drjr and parched. St, Albans {The 
Orange) (0.). Many more species thim usual flowered a second time. Wild 
loeee and dog-wood oearing blossoms and mature fruit together. Never before 
remember oomfrey flowering so freely as it has done this autumn. St, Albam 
(jiddiicombe Lodge) (b). 9th. Dog rose again in flower Breinton (D,). 20th. 
Leaves already flailing, and meadows on gravel soil brown and bare. Walsall 
(D.). Ist. I«ast field of wheat carried. 9th. Acorns and sloes more abundant 
thiui the oldest inhabitant remembers. 21st. Saw perfectly leafless laburnums 
eoreired with blossom. 28rd. Trees half bare. Lovely autumn tints. 80th. 
Bij^ strawberries gathered. 8l8t. Dahlias killed. Tean (D.). 5th. A third 
crop of hay was out from the same field that was first mown on June 8th. 16th. 
Wild rose in flower again. Macclesfield (D.). Ist. Lime trees losing their 
leaves. 80th. The same trees a mass of golden foliage, though many leaves 
haye ftUen. Harrogate (D.). 8rd. Great mullein, foxglove, cowberry, labur- 
nmn, privet, dematis, ana snowberry are flowering a second time. 17th. 
Enormous quantities of acorns are now fully ripe. 25th. Wild roses blooming 
at 500 ft. above sea-level. Backing (E.). drd. Grass befi^inning to look brown 
again. Sprouqhton (E.). A peculiarity of the universally observed plague of 
wasps was their sudden and simost total ^sappearance about the middle of the 
month. Ambleside (F.)* Many flowers have blossomed a second time. Oronk- 
bourne (F.). 15th. Bipe strawberries gathered, and laburnum in bloom. 
SaisUMd (G.). Some blackberries which have ripened their fruit are in flower 
again. Apples, <S:c. also in blossom. Antrim (G.). Strawberries bloomed a 
aeoond time, and a few raspberries ripened. Never remember so man^ fine 
tuples, or so many small ones. Driffield (I.). Birds attacking apples, owing to 
«y weather. Great crop of wild rose hips. East Layton (L). 8th. very 
aevere hailstorm, grouse and partridges killed by the hailstones. Swallows have 
been mmsnally numerous. Aberdeen (J.). Crops of all kinds came early to 
matorifcy, and were secured in excellent condition, with good straw and very 
lieavy grain. 

OoTOBBB.— Jfouman Smith (A.)- 2nd. Some birches and ^camores bare of 
leaves. 4th. Hollies thick with berries. All berries plentifiil and fine. 19th. 
Dog roses in flower. 27th. Hazel in flower. Falmouth (A.)- Baspbexries and 
strawberries have yielded a good crop. Baspberries lOd. a quart in the market. 
IHverUm (A.). Lnmense quantities of apples, pears, plums, and nuts this year. 
Baspberries for sale in the market during the month ending October 25th. On 
that day I bou£;ht them at 6d. a pound, and good flavoured. 2nd. Privet, dog* 
wood, and field rose in flower. 81st. Saw a field gay with ponpies. Instow 
(A.). 8l8t. (fathered two or three dozen ripe raspberries of ([ood flavour* HoUjr 
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berries exceptionally abundant this year. St, Arvan's (A.)- Horse and Spanuh 
chestnuts and acorns abundant. 22nd. (fathered ripe raspberries. Slsk. 
Dahlias killed. St. David's (A.). Apple trees bloomed a second time, and frail 
was formed. Mushrooms abundant. All the meadows firesh and verdant. 
AhsryatwUh (A*)* Hth. Spanish chestnuts have ripened their firoit, which is 
unusual here. Pennington ^C>)- ^^^^ ^^ ^^^ shedding trees, such as oaks, 
beeches, and sycamores, retained their leaves well, and their aattimn tints were 
fine. Jerusalem artichokes flowered. 7th. Dog rose and guelder roses again 
in flower. ChisUhurst (C). 14th. Several ripe strawberries. Cone^hurH {(},). 
10th. Sand martins last seen. Churt (C.). Exceptionally heavy crop of pears, 
and firuit fine. Many apples very large, one weighed 19 ozs. Some young seed- 
ling dahlias have come up out of doors from the droppings of this year's seeds. 
81st. Dahlias killed by firost. Addlestone (C.)* ^^°* Runner beans killed. 
Cheltenham (J).). Very few autumn wild flowers except poppies, which bloomed 
freely up to the end of the month. Berries very plentiful. Waiford (D.)< 
Poppies and charlock in full bloom. St. Albans (Addiscombe Lodge) (D.). 
Several flowers noticed on a guelder rose bush. Ross (D.). Second leakfiage 
noticed on larches. 14th. Horse-chestnut in blossom. HodMck (J^.), Antonm 
colouring of trees very fine by the middle of the month, but some trees bare. 
30th. Dahlias killed. Macclesfield (DO* ^st. Horse-chestnut almost bare oi 
leaves. Harrogate (D*)* ^th. Rhododendrons flowering a second time. 10th. 
Mushrooms again abundant. Hertford (E)* The cornel has had a second crop 
of flowers, also dog and field roses. Sloe bushes seem especially to have 
suffered from the drought, from many the leaves are falling. Taeotnuttm ^E.)* 
Many plants flowered a second time, for instance a group of wild water lilies ; 
wild roses also flowered in places. Antrim (G.). 17th. A wild rose in blossom. 
Ballynagard (Qt.). 15th. Dog roses and strawberries in bloom. 27th. White 
ox-eye again in flower. Thirsk (J.). Autumn tints unusually fine. 22nd. 
Gathered a wild rose. Durham (J.). 81st. Dahlias killed by frost. Oasmboii 
(I.). Hawthorn in bloom, and a second crop of strawberries gathered. 

November. — St. Arvan's (AO- 1^^- Many springs not known to fidl before 
have become dry. St. David's (A-)* The heavy gales brought a large deposit 
of salt to the lands, which destroyed much grass and seriously damaged rape 
and tiumips. A herystwith (A.)* ^th. Daphne mezereum in flower. BemMage 
(CO* lltb. Clouded-yellow butterfly seen. Pennington (C.). Oak leaves still 
holding on in many places at the end of month. Sprmgs and wells remarkably 
low. Chislehurst (C.). 5th. Several ripe raspberries. Oxshott (0-)- The grass 
never recovered from the drought, most fields still yellow instead of green. 
Addlestone (C.). 80th. Oaks and beeches retained their leaves longer than 
usual. Fine autumn tints. Cheltenham (I).). Apples and pears seem ^ to 
have ripened too hurriedly, and are rotting very fiist insteisid of keeping 
— many rotted on the trees. Edgeworthstoxim (D*)* Ist. Laburnum in bloom. 
Helensburgh (H-)* 17th. Numbers of trees blown down during the gale. 
Driffield (I.). 15th. Springs lower now than for 40 years. Inveroroom (K-)* 
The most stormy and wmdy autumn ever remembered. 



DISCUSSION. 

The President (Mr. B. Inwards) said that probably very few persons had anv 
idea of the amount of correspondence and information which nad to be dean 
with in the preparation of this report, and the thanks of the Society were dne to 
Mr. Mawley for the labour bestowed in its compilation, and also to the observers 
who had supplied the necessary material. 

Mr. H. SouTHALL said that Mr. Mawley's report dealt so fully with the re« 
markable season of 1898, that there was hardly room to add anything to 
so clear and complete a summary. His own experience of the effects of 
the weather of 1898 on the plants, chieflv herbaceous, in his garden, very 
closely corresponded with what was described in the report. A strudng feature 
in the phenology of last yeeu* was the remarkably quick flowering of plants after 
the break up of the frost of January. Cyclamen coum was the mrst to appear In 
bloom, -although this was by no means considered to be a hardy plant, but the 
frost destroyed many plants usually regarded as of a hardy charaotte, and 
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especially &tal to plants coming from the Cape of Good Hope. People had said 
that the abundance of flowers in spring would result in a scarcity of summer 
blossoms, but his own experience was quite contrary to this statement, there 
being a continuous succession of flowers throughout the season. The drought 
appeared to have seriously affected evergreens, especially those varieties which 
were shallow-rooted, and probably the injurious effects of the abnormal dryness 
was not yet fully known, but on the whole the effect of the weather of 1808 upon 
horticulture would, he thought, prove to be beneficial. It was a great advan- 
tage to have accurate accounts of the effects of atmospheric conditions upon 
phenological phenomena, and Mr. Mawley's report supplied such information. 

Mr. F. J. Bbodie said that mention had been made in the report of a second 
drought in August, but he was not aware that any drought prevailed at that time. 
Was this dry period a " drought *' according to Mr. Symons* definition ? 

Mr. C. Habdino bore testimony to the valuable information to be gleaned from 
Mr. Mawley's reports, and said that the weather in the various districts often 
differed considerably ; and the year 1898 had been no exception in this respect, 
for while in the south-eastern districts, the year had, with the single exception of 
1868, been the driest on record, the west of Scotland had experienced the wettest 
year, excepting one, ever known. Considered horticultural ly, last year (1898) 
was undoubtedly exceptional, but the present year ( 1894) promised to be more 
remarkable still, for fruit trees and vegetation in general were fully a month in 
advance of their average condition at this early period of the year. 

Mr. F. C. Batabd thought that the wet weather of February might have 
influenced the flowering of the hazel and caused it to be later than the average. 

Mr. £. Mawlbt, in reply, said that in speaking of the dry weather of August 
as the " August drought '* he was describing it as a horticulturist rather than a 
meteorologist, for although it may not have been a drought according to the 
definitions adopted by Mr. Symons, it seriously affected vegetation. The 
destruction to certain plants caused by the winter of 1892-8 was somewhat 
remarkable, all the montbretias and globe artichokes which had remained in his 
garden unii^ured for eight years, and which were unprotected except to the 
extent of a little " earthing up,** having been killed. The dates of flowering of 
the hazel may have been retarded by the wetness of February, but the dulness 
of the month probably exerted a greater influence in causing the blossoming to 
be later than usual. The greatest satisfaction he had felt in preparing this 
report was concerning the curves of average flowering, which for many of the 
plante are even smoother than in the two previous years. 
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TEMPERATURE, RAINFALL, AND SUNSHINE, AS RECORDED DURINe 

THE PAST FIVE YEARS AT LAS PALMA8, QRAHD CANARY. 

Bt J. CLEA8BY TAYLOR, M.D. 

(Plate in.) 



[Bemved October ITth, 1893— Bead Pebnuu? 21it, 1B94.] 

Tbk ielands of tiie Canary Archipelago are almost entirely ntoatdd betwMU 
the 28th and 29Ui d^rees north of the Eqnator, eo that differeoea of lati- 
tude does not enter into any of the questions relating to the Tarionselimates 
of the gronp. 

It is different with the longitnde, as the ialanda extend over five degrees; 
the most eastern islands being within 60 miles of the African coast, whilst the 
western are 800 miles away. This fact modifies the aspect, climate, fl<va, 
eropB, etc., making the eastern part of the gronp African, and the weatem 
part Atlantic in character. 

In addition to this general factor there are local ones affecting di&remt 
localities. These are the position and hei^t of the monntains; the 
northern slopes experiencing more dondy weather and greater rai>&U than the 
Bonthem. This is more noticeable in those islands in which the monntainoiu 
ridges rise qniokly to a groat altitude. 

The island of Grand Canary occupies a position midway between the African 
Continent and the most western islands. (Plate m.) The mountain peaks 
rise to a little over 6,000 feet, and they are about 20 miles from the litoral (in a 
horizontal line). For this latter reason the litoral is somewhat Eree from the 
influence of the mountains. And from its position the chief town and port 
of the island, Las Palmas, is particularly free. The town is exposed from 
north-west, through north and east to south, and sheltered from the sontb- 
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weet and west. For these reaaons its meteorological conditiotiB may be con- 
sidered to approach more oloseljr to those common to this portitm <rf tho 
^be. 

Ab it is impoaeible within the limits of a short paper to entar into all the 
details, the shade temperatoie, the sea temperatnre, the rainfall, andsonahine 
are alone eonsidered. 

The tbermometera for recording the shade tempOTatnre vtm ezposod in a 
Stevenson screen sitoated in the eentre of an exl«DnTe flat roof. !ni« iam* 
petatnre of the sea was recorded by an ordinar; bath themuKneter immerBed 
in the sea at the end of the town mole. It was recorded as oear noon as 
poBsible, at a depth of S feet from the surface and in never less than 20 feet 
of water, osnally muoh more. The nnmber of obserrations ranged from ten 
to fifteen per month. The rain gauge was exposed on the flat roof, whit>h 
was the highest in the neigbbonrhood. The sanfihinc was reeoardod bj 
means of Jordan's photographic sanshins recorder. 
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In giving these results I quite recognise that five years' observations 
(Jane, Joly, and September, four years ; Angast three years) are a very 
short period from which to draw very definite conclusions. 

The means of shade temperature show a gradual ascent and a more rapid 
descent, due principally to the little variation for the months of January, 
February, and March. In fia.ct, the curve of ascent from April to August 
elosely corresponds fco the curve of descent from August to December. 

The period of highest temperature occurs in the month of August, the 
highest mean temperature taking place during the third week. The decrease 
in the fourth week is due to the fall of the minimum or night temperature ; 
as the maximum or day temperature remains practically stationary during 
this fourth week. 

The 16th and 17th are the hottest days, though the average is rather 
higher on account of the temperatures recorded in August 189B. 
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77^ temperature of the sea is at its highest level during August and Sep- 
tember, but it does not remain at this point for more than three weeks, when 
it commences to fall. During this period it approximates to the minimum, 
being the greater part of the time lower than the mean shade temperature. 
The temperature of this period for one year naturally varies from another, 
the period of the highest level also shows variations, though if the tempera- 
tare has not fallen by the end of September the first week of October shows 
a decline. 



July 3l8t 
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Sept. 1st Oct. Ist Nov. let 

(4 years) (6 years) (6 yeariii) 
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Deo. 1st 
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68°-9 



The Rainfall of this period is practically nil. 

The Sunshine is remarkably regular with the exception of the second week 
in August, for which I am not in a position to venture a reason. This fall ap- 
pears to affect the course of the maximum but not of the minimum temperature. 

The Winds during these two months prevail continuously from the North 
to North-east, and their force is 8 — 4. 

During October the temperatures, both of the shade and of the sea, fall 
considerably ; this is particularly so with the shade temperature of the day- 
time, and this varies according to the time of commencement of the rainy 
season and the number of days on which rain falls, the amount of sunshine 
remaining fairly constant, though the sun's rays grow less powerful. 

The period of greatest fall in temperature is during the months of Novem- 
ber and December, coincident with the period of greatest fall in the sea tern* 
perature and with the period of heaviest rainfall ; the amount of sunshine 
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remuning foirly conEtant. During Jouaary the fall in shade temperature 
cootinues. Thia ifi also a rainj month, though bj the latter endof the month 
the day temperature showB an upward tendency, as the rays of the ins are 
again increasing in power, but the night shade temperature and Ute aea tem- 
perature still decrease. 

The coldest period of the year commenoes in Jaunary, and oontinoee 
through February to March, though the periods do not correspond at whieh 
the day temperature, the night temperature, and the sea temperature are at 
their lowest pomts. 

The lowest point of the maximum temperature (that is the temperature of 
the day) occurs about the third week in January, after which it risea, but the 
minimum or night temperature does not commence to rise till the second 
week in February, thus following the curve of the sea temperature. The 
shade temperatures at noon (G. AI. I.) and at 9 p.m. follow respectively the 
Tif^t^TiTr^nm KnA minimum. 

From the detail of five years, the lowest temperature is recorded for the 
day time during the third week of January ; afler thia date the day tempera- 
ture continues to rise even with occaaional flactuationa, hut the tYiiniT u nm or 
night temperature does not show any tendency to rise till the middle of Feb- 
ruary, which epoch ia coincident with both increase of day temperature and 
aea temperature. 

The connection between sea temperatnre and night temperature ia well 
seen from the following : — 
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The monthly variation in temperature at this aeason is slight ; the nuny 
season comes to an end in January, the temperature of the sea is at ita 
lowest point, but the power of the snn is increasing, though the amount 
registered does not differ to any great degree (February excepted). 

The chief rise in the temperatures takes place in the three nKRiUis 
April, May, and June. 

The mean diurnal variation in temperature is not great; May, Jnne, July, 
and August show the slightest degree, ^vith a mean of 7°'7 against 9°-fi for the 
first four months and !)° 3 for the last four. By 9 a.m. the shade tempera- 
ture has risen 5° or G" from the minimum, by noon 2° or 8° more, the maxi- 
mum being reached somowhero about 1 p.m. : by 3 p.m. it has fallen 2°, and 
by 9 p.m. it is within 2° of the minimum temperature. Altliough I have no 
statistics, two maxima atid two miuima may be found ; the first maximum is 
reached about 8 a.m. and is more marked on a bright sunny morning with 
littl^ wind. As the breeze frebhons between Q and 10 a.m., the temperature 
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fiJls only to rise again towards noon. The first minimum is seen soon after 
sunset, but between 8 and 9 p.m. the temperature rises very often 8°, but 
towards midnight a fall oonmienoes and the absolute minimum is reached just 
before sunrise. 

There may be a great rise in temperature during the evening, but it is 
very rare : thus on October 15thy 1898, between 8 p.m. and midnight, there 
was registered a rise of 9^*7. 
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This day was very exceptional both in temperature and humidity, and on 
this day there were two distinct maxima and minima. 

Oct. 16th 9 a m.— 9 p.m. 90°-6 (11.80 a.m.) 78*^-0 (8 p.m.) 

Oct. 16th-16th 9 p.m.— 9 a.m. 88*^-0 (midnight) 71°-6 (6 a.m.) 

The diurnal range varies considerably with the variations in wind and 
snnshine. With a South wind (that usually dies down at sunset) the range 
is increased, but the greater part of the increase of range is in the day 
temperature. With the Northerly winds persisting after sunset the range 
may be very slight, particularly if the day has been cloudy. I have taken as 
examples the same period of years, and both periods may be considered 
exceptional. 
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Max. 


Min. 


Bange. 


Mean. 


March 1889-1893. Mean.. 
Feb. 27-March 5« 1893. „ .. 
March 1-6, 1890. „ . . 


h. m. 

6 30 
10 00 

00 


6§-3 

75-1 
6o*9 


sh 

6o*7 
551 




9*4 

H-4 

5-8 




67-9 


Extreme Variation . . 


• • 


14-2 


5-6 


• • 


. . 



The temperatures of the different localities situated at sea-level vary con- 
siderably, the day temperature depending chiefly on the local cloud and 
consequent obscuration of the sun, the night temperature on the persistence 
or otherwise of the prevailing winds. Both of these conditions are duQ 
maiiUy to the position, proximity, and height of the mountains. 
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LocaUty. 



Town. IflUuid. 

Santa Cms, de U PaIida 
Poerto, Oratava, Tenerife 
Santa Craz de „ 

La8 Palmas, Grand 

Canary 



ICoontaln 






I 



Clow 
aote 



t 

n 



Ft. 

7000 
7000 



Eileot of Podtion of 
MoimtaiiiA. 



Sheltered 
froBL 



8W.NW 
ENE,S,W 



Xnoeediow 



Close .4000, SW, NW 
20 miles '6000' SW, W 

off I I 



N,E, S 

WNW, N, NB 

N. E, S 

NW, N, E, SE, S 



E 

N 

SE 

E 



Aboai. 

o o 

14—15 
I»— 14 
I»— 1} 

9 — 10 



Vegetation may play some part in the case of the two fonner places, bat 
the coontry aronnd the latter two is barren, and more so round Las Pkilmaa 
than Santa Gmz. 

The low range at Las Palmas is mainly dne to the continuance of the pre- 
vailing winds (Northerly) after sonset. In the other places this Northerly 
wind tends to die down (locally) and is replaced by a land breeze. In Las 
Palmas, on those days when there is a great range of temperature, a kod 
breeze from the West is osoaDy noticed. 

The sea temperature has been already alluded to, and the detail fiir Las 
Palmas is given in Table III. From personal observation it appears to be 
the same at all the islands ; though running along the African coast there is 
a belt of colder water. This may be very slightly felt at Lanzarote and 
Fuerteventura. This cold current is inhabited by fish that are not caught 
o£f the islands : the catching and salting of these fish form one of the stifle 
industries of the more eastern islands. 

The sea temperature around the islands is dependent on causes ontdde tiie 
limits of the archipelago ; local presence or absence of sunshine does not 
cause any difference, a boisterous Northerly wind with a high sea may cause 
the temperature to fall quicker than usual, or if the temperature is rising to 
check the rise, but any sudden variation is very rare. As pointed out, the 
temperature rises the most in M'ay and June, and falls the most in November 
and December ; whether the rainfall through the last three months of the 
year accounts for this fall it is not easy to say. There is a certain connec- 
tion between the rainfall and fall of sea temperature, but both are probably 
due to stormy weather to the northward ; this in turn affects the temperature 
without the sunshine being affected. This may be seen from the table on 
p. 161. 

From Tables IV. and.YI. it will be seen that the rainfall for Las Palmas is 
not great, though it is spread over a large number of days, the average yearly 
amount being 8*57 ins. Nearly half of this, viz. 4*06 ins., falls on 12 out 
of the 62 days on which rain is recorded, thus leaving 4*50 ins. to &11 on 
the remaining 50 days. Out of the 8*57 ins. 8*84 ins. falls during the day- 
time and 5*22 ins. during the night time ; naturally rain also &lls more 
frequently during the night time than during the day time, as rain was reoorded 
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Daya. 


Oct. I at. 


Od 
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Hoars. 


Noon. 
O.U.T. 


9p.in. 
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iSSS 


3735 


iS 


74-0 


6t-S 








67-J 


■»1I9 


S-M8 


39 




6+-0 








65-6 


i|90 




34 


7»-5 


6S-S 




5 '4 


70-5 


6SJ 




3-195 


»1 






















67-0 






7f6 




,«„ 


4-6go 


14 


75'! 


66-5 


9-0 


484 


71'' 


66-9 



■g filing on 66 oceasioas daring the daytime with iH for the night time, this 
being the umnal average for the five jears. 

The greater part of the rain falls in October, November, December, and 
Janoary. For Febrnarj there is a considerable diminntion, with sli^t 
iocreaae in March, bat the amonnt farther diminishes in April and May, 
whilst Jnne, Jnly, and Angnst are practically rainless, and September is very 
similar, the average for this month being almost entirel}^ supplied by one 
heavy shower. This periodicity of the rainfall, and the slight infiuence it has 
on the amoont of ennshine, can be well seen from the following figores : — 



Period. 


N0.0I 
Day. 


fUinfall. 




No. of 
Cloady 

Days. 


Amoont. 


No, of 


Ayorage 

Dm, 


Per- 

oantage. 


OetolMr to Janiurv 

finX.r..;:::::: 


«»J 


IDI. 

■iji 


II6 
■9-4 


h. „. 


so-? 


tl 



The smallness of the rainiall of Las Palmaa is in a great measure due to 
the abfl«nee of the moantainona influence, the nuyor part of it being regulated 
by the inflaenoes of the weather ontat sea. The rainfall at sea for this region 
is of two varieties, one is that aasooiated with the Northerly set of winds. 
^lis is the commonest variety, and this rain falls in short sharp showers, 
very local in character, the weather before and aflier being fine. These 
showers can often be seen approaching or passing at some little distance, and 
are nsn&lly heralded by a temporary increase in the force of the wind. The 
otlier variety of rainfaU b associated with distorbances hi the south-west ; 
these are rare, as the eastern islands are somewhat oat of the track of these 
gqaollB. The rain, however, is of a heavy tropical character, and may be 
asBoeiated with electric phenomena. I have never yet seen a disturbance 
passing from the north connected with electrical phenomena. 

From Table T. theamount of sunshine con readily be ascertainod. Depiend- 
ing on the amonnt of clouds, it may be diminished by general cloudy weather 
or by the local formation of clouds, though the degree of the latter may often 
be io proportion to the former. In the case of Las Falmas the sunshine of 
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the afternoon is often affected by this local cause, as the sky may be 
elear overhead, yet no sunshine is recorded because the sun has sunk behind 
masses of clouds that overhang the elevated northern parts of the island to 
the west of the town. 

Excluding February and July, the amount recorded is very regular, being 
51*5 per cent. February has 58 per cent, and July 40*5. The number of 
totally cloudy days — days with one hour's sunshine or less — are not many, 
for according to Table YI. the average annual number is about 80, the month 
of July having the largest number. As I have pointed out, the rainfidl has 
little in common with the sunshine. This is dependent on the winds, par- 
ticularly on the force of the prevailing winds (Northerly), as the greater the 
force of the Northerly winds there is more liability to both general and local 
doudy weather, the ** parasol *' of clouds hanging more densely over the 
northern part of the island. With the Easterly and Southerly winds the sky 
is usually cloudless, but with the South-west winds it is overcast. 

In the present paper it is impossible to go into the question of humidity, as 
it is associated with the winds and this with the barometric pressure. I 
might briefly point out that the rainless period shows a higher degree of 
humidity than the rainy periods, and thus corresponds more with the dimi- 
nution of sunshine. This is seen from the following table : — 



Means. 




Rainfall. 


Sunshine. 


Belatiye Humidiiy. 


•*• 


i 


• 

fin g 


Hi 


• 

a 


• 

i 


1 


• 

a 

• 


Oct. to Jan 

Feb. to May .... 
June to Sept. • . 


i»3 

I20 
122 


Ins. 
6*ii6 

2*1 18 

•335 


38/6 

19-4 

41 


7o 
507 

48-4 


9-1 

8*8 

11-4 


7o 

68-6 
66-6 
69*0 


6(?6 
64-6 
68-2 


A) 

6s«, 
70-0) 


7o 

74-$ 

74-7 
76-9 



The humidity observations for 8 p.m. are not so extensive as those for the 
other hours, being the means for three years only. 



Note addbd Maboh 1894. 

I cannot enter into the subject of the winds and the weather c«mneoted 
with them. This would require a separate paper. I might however, indicate 
by means of the table on the next page the average direction of the wind at 
noon (G. M. T.) and at 9 p.m., and with this I must bring this long paper 
to a close. 
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DmonoMor 


WniD. Ndidbb or ima oaraBTKD. ItMAmroa 


611 


.ABO. 


UoathE. 

jBDoaiy .... 
Fabrnary .. 
March .... 

?£ ■•■■•■ 

Jaly '.'.'.'.'.'. 
AngDBt .... 

October.... 

Dwember.. 


Noon (0. M. T.) 


g p.in. 1 


i! 

jg'O 

jo-o 
iS-o 


E. 

a-8 
5'a 

a-6 
'3 
•6 
'3 
■8 

a-6 


8E 

7'5 
8ii 

;■! 

■6 

*3 

4* 


SW. 


■w 


i 

■5 

'■6 
■3 
'■4 


*;« 

15 'O 

iri 

^8-3 

29-0 

136 

190 


E. 

■6 
■6 

■i 

■6 


8E 


flW. 


w. 

-3 
4'o 

6'4 


6-4 

3-0 

=:| 

23 

a-6 
5" 
4-a 

5-4 


;; 
;; 


;; 


3-3 
■6 

'' 
■6 





DISCUSSION. 

Hr. A. Bkewin remarked that tbe paper would have been improved and 
rendered more interesting if furtber information had been given concerning tbe 
wi'nda at Grand Canaiy, the references in the paper to this important factor in 
climate being Terj few, and in one place where it was stated that the wind for 
two montba was continunnslj North to North-eaat, it was very doubtful which 
two monthi were referred to. 

Hr. C. HAKDina said that the Canary Islands being sitaated to tbe eaet and 
■omewhat south of the area of high pressure in the Atlantic, the prevailing 
direction of the wind would be North and North-east. In the Tables accompany- 
ing the paper the small range of temperature was a very noticeable feature ; 
this waa particnlarly the case in 1B89, and in January of that year tbe range 
between the absolute maximum, eT'-5, and the mean maximum, 66° 2, was ooly 
Z°'3. Tbe minimnm temperatures for the same month also exhibited a similarly 
•mall variation, the absolate being 55°'0, and the mean bl°-i. Possibly these 
figures were correct, although a person accustomed to eiamine and analyse 
meteorological data might reationably suspect their accuracy, and be inclined to 
think that for that month, at any rate, the observations were probably incom- 
plete. No doubt the information given in this paper waa of considerable value, 
particularly from a medical point of view, as the Canai; Islands were now 
coming into prominence as health resorts. From a meteorological standpoint 
objection mast be token to the manner in which the averages had been stmck, 
■ome monthly means being based on five years' observationi, some on foor 
Jews', and one on three years'. Although a three-year average was a very poor 
one, it would be better to have all the meana for a nnlfbrm penod rather than for 
a Yaryti^ number of years. 

Tbb FBESIDBMT (Mr. R. Inwards) said that no doubt tbe Canary Islands were 
coining to the front as health resorts for invalids, and any information concern- 
ing their climate was both interesting and v^nable, but a friend who had 
resided at Las Palmaa for a time told him that there was a great want of aanita- 
tioD, and that with efficient drainage the town would be a perfect place of 
residence. 

Hr.W. IlABBIOTTSaid that Mrs. Stone, in her book Tentri/e and iU Six SaUUU*t, 
gave some account of the climate of the Canuy Islands, which agreed with the 
results of Dr. Taylor's observations. The french Bureau Central iiition- 
logiqne also had a station at Las Falmaa, tlie results of the obsemtioDS from 
wm<ui were published in the AtmaUt. 
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Comparative Observations with two sets of Instruments at 

llfracombej North Devon, during 1893. 

Bt WILLIAM MARRIOTT, F.R.Met.So6. 



[Bead February 2l8t, 1894.] 

At the Meeting of the Society on Jnne 15th, 1892, Mr. Bayard read 
a paper on « English Climatology, 1881-1890," in which he gave the results 
of the climatological observations for the 10 years at all the Society's 
stations. In the discnssion which ensued some exception was taken to the 
Bfracombe observations, as the thermometers were not mounted in a Steven- 
son screen ; and it was thought that the high winter temperatures were not 
natural, but were really due the method of exposure. 

The following account of the station was given in my Inspection Reports 
for 1880 :— 

'' The instruments are exposed in a large screen, like a summer-house, the 
rain-gauge being on the top and having a pipe with a tap below. The stand 
is about 6 feet square, has large louvres half way down, then lattice work, is 
painted green, and has a slated pyramidal roof. It is placed over the shin^ 
promenade of the Ilfracombe Hotel, and is 8 or 10 feet from the embank- 
ment, which rises about 16 feet. The exposure is quite open to the sea 
from the west to north. Capstone rock is about 200 yards distant on the 
north-north-east. On the borders and outskirts of the town, hills rise to the 
height of 500 to 800 feet. The whole of the soil is shale." 

Although this screen was not of the regular pattern, 1 was of opinion that 
the temperature observations taken in it would be fairly comparable with 
those in a Stevenson screen. 

On each of my visits to Ilfracombe I made inquiries as to the possibility 
of getting another station started in the town. On my last visit, in August 
1892, 1 called on the Manager of the Ilfracombe Hotel, and pointed out to 
him the desirability of a Stevenson screen and a Snowdon rain gao^ beiri^ 
obtained and placed over grass, so that no question could be ra^^ as to 
quality of the observations, and that they might be strictly comparable with* 
those from the other stations of the Society. I selected a site for the iher*^ 
mometer screen and rain gauge on the lawn to the east of the Hotel, andto 
the south of the old screen. The Directors subseqfnently carried odtthiB 
recommendation ; and the new instruments were put up at the beg&diili^ of 
October 1892. 

The Stevenson screen is about 60 feet south of the old screen, and 96 feet 
from the wall of the Hotel ; the rain gauge is about 90 feet from the old 
screen, and 90 feet from the Hotel. 

^ QuarUrly Joumal,Yo\, VII. p. 109. 
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Ab the observations from these two aete of inBtmmentB have now been 
earned on Binmltaneoasly by Mr. M. W. Tatlam, the obserTer, for more than 
a year, I think the Fellows nill be interested in having the results for the 
twelve monthH, Janoary to December 1898. These are given in the aocom* 
g Table. 
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PebruuT 
Uuch . 



Temperature— Mean a. 



■3 +6'6 



■02 43 S 
•02 +8 
■0-8 54- 



g-9'+0-4 S7-4 i7-7+0- 
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Tem pe rat are — Extrcm et. 



JADoar; 
Fsbnuu; 

April .. 
Miy.... 

lalj ..'.'. 

SeplembeT 
Ooiober . 
November 
I>eoamber 



• —0-38485 +1 37-I' i°-og 



At 9 ft.m. the temperatnre in the Sterenson screen is on the average 0°*4 
hitter than in the old Bcreen. With regard to the mean minimnm and 
mMittiiiTn , the old BereoQ recordB a higher temperature than the Stevenson 
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EcreeD, the eic^sa for the muumom being 0^*4. aod for tha mBximmn 0^'8. 
The mean tempermtnre, tis deilae«il from the observatioiu made m ths old 
screen, is 0^-3 higher than that from ihoee made in the Slereiuon screen. The 
ezb'emes show practicallT the same resnlt ; the mean of the sbsolate minims 
being 0''S, and the mean of the ab^olnte maTi'ma being O'-S, hi^ier io the old 
screen than in the Ster^isoD screen. 




^e rnlatire hnmidity does not shov much rariation, the mesn for the 
year being 1 per cent, greater in the old screen than in the StevensoD screen. 

The diOcrcnce in the amoonts of rain collected bv the two ganges ia some- 
what coneiderabtc, as was to be expected, the old gaage being 9 feet above 
the ground and placed on the top of tbc thermometer screen, while Uie new 
gange is of the Snowdon pattern, the rim being 1 foot above the gronnd. The 
total rainfall coUected by the Snowdon gange daring the year waa 87*11 ina., 
while the old gaage collected only 30*08 in?., the difference being 19 per cent. 

The resnlts from the new set of instnimoiitB have been printed in the 
JtteUorological Record since January 1898 in place of those from the old 
instnunents. 



DISCUSSION. 
Mr. E. J. Leckt lent the following note, which was read by the Secretary : — 
" Were I with you on Wednesday I should probably make a remark or two on 
SteTenioo'i clever and vfilaable ecreen, now, I preEume, in almoBt nniveri al use, 
so that if there be any fault in its conatruction occasioning an error it becomes 
a "constant" in any compariaona of temperature with other obiervations. 
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What I fear in these screens is a want of proper ventilation, and that in 
extremely hot sultry weather, especially where they are exposed to the full sun, 
they become a species of oven and give too high a temperature (I do not so 
much fear a vice versa effect in winter) e.g. my Six thermometer, in a f ai riy 
sheltered open air position, where it agrees well with others, gave 87^ as the 
highest last summer, while 93° was reported from, I presume, a Stevenson 
screen. It would be interesting if some meteorologists would make a series 
of observations with a well defended opon air thermometer and that in a screen ; 
it woald of course require a fairly long series, so as to eliminate extra distur- 
bances. As to the ventilation I allude to, I have always thought that the 
loayring was overdone in being doubled and too small a distance between the 
la^ ; as also that the louvring ought to be vertical instead of horizontal as 
At present, in fact on the principle of ** Day's " wind guard for chimney tops 
(mMe as in his original patent of 40 or 50 years a^o, not as scamped by present 
makers), which would not hamper the free ventilation as the present double con- 
fined loavring does. 

Mr. C. Lawrence said that, bein;; a frequent visitor to Ilfracombe, he had, in 
November last, made an inspection of the screens in which the thermometers are 
placed there, and had also interviewed Mr. M. W. Tattam, who takes the records 
with (the approval of the Society, and who was evidently perfectly well qualified 
to make observations, carrying out the work in a conscientious manner. The 
Society had done a good thing in establishing a Stevenson screen and making 
eomparative observations between the temperatures in that screen and those in 
the old form of shelter, for the result clearly showed that the temperature of 
Ilfracombe as registered in the old screen was practically correct, and that the 
fftet of its having the highest mean temperature m the United Kingdom was well 
established. 

Mr. E. Mawley, referring to Mr. Lecky*s letter, said that no better refutation 
of the idea that a Stevenson screen was likely to become heated up ** like an 
OTCn,'* owing to its want of sufficient ventilation, could be given than the photo- 
erapn of the Ilfracombe screen, which showed that whatever the other defects of 
nil screen might be it was at all events freely ventilated on all sides ; and yet 
on tmming to the Table of comparative observations it would be seen that on the 
liottest days of last year the Stevenson screen comes out as rather the cooler of 
tihe two. He had made various experiments with the Stevenson screen in order 
to determine its snitability for the exposure of thermometers, having compared 
the records of one of these screens, sheltered at the top and sides with canvas 
and placed in full sunshine with an ordinarily exposed screen also in sunshine, 
and also a screen placed in the shade of a tree with one fully exposed to the 
sun's rays, the results of these various tests showing that the differences between 
ordinary exposure and shaded exposure were but slight. He regarded the 
Stevenson screen, all things considered, as the best form of exposure for thermo- 
meters ; but he was glad that the records of the old screen at Ilfracombe were 
found to approximate so closely to those of the Stevenson screen, as if it had been 
otherwise a long series of observations would have been spoiled. 

Mr. F. C. Bayard said that in the discussion on his paper on *< English Clima- 
tology, 1881-90," read at the meeting of the Society on June 16th, 1892, Mr. 
Symons had expressed considerable doubt concerning the accuracy of the 
temperatures at Ilfracombe, believing that the peculiar construction of the screen 
caused too high a temperature to be recorded. It was very satisfactory to find 
that such was not the case, and that the exceptional warmth of Ilfracombe was 
entirely due to its sheltered situation, so that it was one of the warmest places 
in Uie British Isles, excepting the Channel Islands. 

Mr. C. Harding said that the large form of screen at Ilfracombe appeared to 
bear some resemblance to the thermometer shelter used in India, and it was very 
gratifying, although somewhat surprising, that the results from the Stevenson 
screen agreed so well with those from the old screen. Much variation between 
the mean values in the different screens was hardly to be expected, but the 
extreme temperatures also exhibited very small differences. He had on some 
occasions noticed as much as a difference of V between two similar thermo- 
meters in a Stevenson screen, and in the morning had seen the maximum thermo- 
meter indicating a lower temperature than the dry bulb ; the difference being 
apparently due to the sun shining on the side of the screen to which the dry bulb 
was in closest proximity. 
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p^ xfafl fCmetare, with AdooK ihjpeil roof; the leo^fit of the 

# f Mt, «Mi the ^<^ alw^r^ the grmmd to the ipraigxBg o^* lEh« 

7 tet 4 fadMf, ueh lule eotMuiU orf aa external and 

l iw iff wi wwrfe, hcrbvaMceof 6 hidiea between the 

mt waAt t» Dipen fike folmng 4oon. bat it waa not ivaai ta 

MtM exeepc oeeaauMnUj for the parpcmt of arfouttiag ■«• Eght at iJbs 

Ths f^mokivtarr (Sfr. IL Inwarda) said that it wu aalB^Ktovj ta 
Ih* teiBperatore obaerratiooa agreed lo elodelr despite the d Mfcmt* ii 
itnietMMi and fixe of the two tereens, (f -6 being the ejUiea a e fiait of 
▼arlatioo in the rainfall waa, howerer, eooaiderabler and he hoped thai 
Mtiafaetorr explanatioio would be giTen of the di v ergen ce of 19 % which had 
\tttu fmmd to exist between the two gaozea^ aa the con^Mralxvi^ ifight diftr- 
tiie«! in their aitaation did not appear to be sufficient to acc o unt for an large an 
•rror aa 19 %, Regarding Mr. Leckj*! remarks and snggf iitiona^ it ^ boI 
tffpetr that rertical lofrrring poasessed anj adrantagea orer the form of iua f i e a 
aa nom eo«iatmcted. Prof. TjndalTi idea of the ouaner in which a thaaaoaaetar 
ihoadd be exposed was to sospend a spirit thermometer in the open air as a eord 
ar striM stretched between two posts ^led in the groand. 

Mr« W« MAMKif/rr said that Dr. Bncban had informed him thai a aiMaBhit 
fiarflar sereeo bad been in oae for manj jears at Braeamr. A ahott lima agd 
a 0(ercason screen was set ap beside it, and comparatiTe obaerratioiia made m 
Ifca two fcreena, when reaolta were obtained which were similar to thoaa al 
IlfneoBiba* 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 



January 17tli, 1894. 

Ordinary Meeting, 

0, Thbodobb Williams, M.A., M.D., President, in the 

John Alfbed Fox, L.R.C.P., M.R.C.S., Tr^ea House, Penzance ; 
FbSDKRIC Merrifibld, 24 Vernon Terrace, Brighton ; and 
Thomas jAMf» Scott, Edlestone House, Prestatyn, Rhyl, 
were balloted for and duly elected Fellows of the Society. 

Robert Lewis John Ellery, F.R.S., Government Obsenratoiy, Melbourne ; 

and 
Dr. Maurits Snellen, Royal Meteorological Institute of the Netherlanda, 
Utrecht, were balloted for and duly elected Honorary Members of the Society. 

The Secretary stated that the Council had requested the following letter from 
the President to be read to the Society : — 

" 2 Upper Brook Street, W. 

" January 7th, 1894. 
** Gentlemen, 

" As I shall shortly retire from the Presidency of the Royal Meteoror 
logical Society, the tenure of which office for two years I shall always regard as 




PBOCEBDINGS AT MEETINGS. 169 

a high honour conferred on me by a learned and scientific Society, I wish to 
leave behind some memorial of my pleasant term of office, and after considering 
the matter carefully^ and consulting with some of our colleagues, I have decided to 
present the sum of £100 to form the nucleus of a R>3scarch Fund, to defray the 
expenses of such experiments and observations in meteorology as the Council 
may from time to time think fit to investigate. 

** I would instance, as the kind of work contemplated, the Wind Force experi- 
ments, and the observations taken on the B )stou Church Tower. 

*• In the event of no grants being made for a while from the Fund, the money 
18 to be invested and the interest allowed to accumulate to augment the sum 
available for future grants. 

•* Hoping that the institution of such a fund will forward the progress of the 
Society, of which there is no more ardent admirer than myself, thanking you 
warmly for the support and indulgence you have extended to me during my term 
of office, and with all good wishes for you collectively and personally, 

" I remain, 

" Yours faithfully, 

"C. Theodore Williams.** 

" The Council of the Royal Meteorological Society." 

Ms. R. H. Curtis exhibited an^l described some lantern slides showing the 
wind records obtained from the Dines' Anemometer at Westminster, and from 
the Bridled Anemometer at Holyhead, during the November gale. (p. 43.) 



January 17th, 1894. 

Annual General Meeting, 

C. Theodore Williams, M.A., M.D., President, in the Chair. 

Mr. F. B. Edmonds and Mr. H. Harries were appointed Scrutineers of the 
Ballot for Officers and Council. 

Mr. F. C. Bayard read the Report of Council and the Balance Sheet for the 
past year (p. 92). 

It was proposed by the President, seconded by Mr. F. C. Bayard, and 
resolved : — " That the Report of the Council be received and adopted, and 
printed in the Quarterly Journal,'' 

It was iproposed by Mr. A. Brewin, seconded by Mr. W. M. Beaufort, and! 
resolved : — " That the thanks of the Society be given to the Officers and other 
Members of Council for their services during the past year." 

It was proposed by Mr. F. J. Brodie, seconded by Capt. W. F. Caborne, and 
resolved : — " That the thanks of the Society be given to the Standing Committees 
and to the Auditors, and that the Committees be requested to continue their 
duties till the next Counoil Meeting.** 

It was proposed by the Hon. F. A. R. Russell, seconded by Dr. R. Barnes, 
and resolved : — " That the best thanks of the Royal Meteorological Society be 
communicated to the President and Council of the Institution of Civil Engineers 
for having granted the Society free permission to hold its Meetings in the rooms 
of the Institution." 

The President then delivered an Address on *'The Climate of Southern 
California ''(p. 81). 

It was proposed by Mr. Baldwin Latham, seconded by Sir Richard Quain, 
mnd resolved : — ^That the thanks of the Society be given to Dr. C. Theodorb 
Williams for his services as President during the past year and for his generous 
gifts, and also for his Address, and that he be requested to allow that to be printed 
in the Quarterly Journal,^* 

MKW SIBIB8. — ^TOL. XZ M 
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£jCHA££» l3rwA£X]e. F.R. A >. 



Ho5. FjtAXCi* Albeet RoLLf'j Ergri f . MJL 

f^TEMIEX WlLUAM i?:LTEX, F.E-G-S- 

C1L1KIX5 TiiE/^DOitE Williams, U^K^ ILD^ FACIP- 



IlESET Feeioal. F.R.A^^ F.R.M^. 



Fea5CI« Campbell Batakd. LL.M. 
Geoeoe James :?ymoxs, F.BLS. 

Foreigii Beeretazy. 
IloBEETT IIeset Scott, 31. A-, F.ILS. 

CcrandL 
Robert William Peeegrixe Birch. M.IostX.E., F.6.S. 
Geoe'je Chatteetos. M.A., ILInst.C.EL 
William Hesky Dixes, B.A. 
William Ellis, F.ILS., F.R.A.S. 

ClIAKLES IIaEDIXG. 

Baldwix Latham, M.TnstC.E.. F.G.S. 

Admiral Johx Pear^e Maclear. K.X., F.R.G.S. 

William Maecet, M.D., F.R.S., F.C.S. 

Edward Mawlbv, F.R.n.S. 

Henry Soutiiall, F.R-II.S. 

William Blomefield Tripp, M.InstC.E. 

Capt. David Wils^jx -Barker, F.R.G.5?. 
Dr. C. T. Williams having left the Chair, it was taken by Mr. R. Fkwardbl 
the newly elected President, who thanked the Fellows for the honour they had 
conferred upon him in electing him to that office. 




February 21st, 1894. 

Ordinary Meeting. 

Richard Inwards, F.R.A.S., President, in the Ciuur. 

Richard Manliffe Barrington, M.A., LL.B., F.L.S., Fassaroe, Bray, Co. 

Wicklow ; 
C. G. Lumley Cator, 7 South wick Place, Gloucester Square, W. ; and 
IlENKY Owen, F.R.G.S., 26 Albion Street, Hyde Park, W., 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

" Rei»ort on the Puenological Observations for 1893." By Edward 
Mawley, F.K.Met.Soc. (p. 125.) 

'' Temperature, Rainfall, and Sunshine at Las Palmas, Grand Canart.** 
By J. Cleasby Taylor, M.D. (p. 154.) 

" Comparative Observations with two sets op Instruments at Ilfra« 
COMBE during 1893." By William Marriott, F.K.Met.Soc. (p. 164.) 
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CORRESPONDENCE AND NOTES. 

The late Arthur Hill Hassall, M.D.— Dr. Hassairs work in Natural History, 

Hygiene, on Food, in Physiology and Medicine was so striking that his contributions 
to Meteorology have hardly received the recognition they deserve. His work in 
this direction was not merely devoted to barren observation ; but he applied it 
to the practical objects of the preservation of health and the cure of disease. 
It would be difficult to find in the history of Medicine a more valuable example 
of the application of meteorological science than that supplied by the National 
Hospital for Consumption at Ventnor, founded by him. The principle of isola- 
tion of the patients, thas securing to each air free from mutual contamination, 
and so avoiding " hospital air," was here first put into practice. The next point 
was that each patient's bed -room should face south. All the other arrangements 
were made to harmonise with this leading idea. Another illustration of Dr. 
Hassall's attention to meteorology — that is, of making air the vehicle of healing 
agents — was liis advocacy of the treatment of consumption by inhalation. Space 
will not admit of dwelling further upon this topic. But we cannot close this 
brief notice without recording one — the last proof of the keen devotion to the 
study of nature which animated him throughout. 

He had kept up a systematic observation of the Meteorological phenomena at 
San Remo for the last twelve years. This fact, and the knowledge that he was 
ever ready to enter upon new nelds of investigation, induced me to seek his aid 
in carrying out the proposition I had started in the Uoyal Meteorological Society, 
to obbcrve the changes in the constitution and properties of the air under dif- 
ferent conditions. I wrote to him last February asking him to note the propor- 
tion of salt in the rain-water falling near the sea ; that we might have a standard 
of comparison with rain coming from other seas besides the Mediterranean and, 
further inland. He immediately set to work. In a letter dated February 21st, 
he says : ** No rain fell for some days after your letter. I have now, however, 
obtained two separate samples, and have determined the chloride of ammonium in 
each case. The amount in each case is nearly identical, namely, 0*040 per litre, 
«qual in round numbers to about a grain. The smallness of the quantity is 
perhaps to be explained by the fact that there was no wind from the sea at the 
time." On March 27th, he writes again, " In my own view of ray case I think 
that there is little hope of contemporary recovery. With regard to salt in the air 
over the sea, it is astonishing, considering the winds, how little evidence there 
is of the presence of salt. One never feels it on one's lips ; it never accumulates 
on the window panes ; and it is only now and again, owing to the absence of 
sea>weed, that you ever even get a sniff of the sea. The only evidence of salt- 
ness is that steel articles after a good deal of exposure become somewhat rusty/' 

So that to the last he sought to unravel the arcana of Nature. On April 9th 
he died. No man had a better claim to the epitaph, ** Non omnia mortar," — 
Robert Barnes. 

Waterspout in Somerset, April 26th, 1894.— A severe thunderstorm passed 
-over the neighbourhood of Chew Stoke about 8 a.m. on Thursday, April 26th. 
In the height of the storm a waterspout was seen forming on Black Down, a 
high point on the Mendips, just above the village of Blagdon. The storm passed 
over Breach Hill in a north-easterly direction, accompanied by a cyclonic distur- 
bance, which, however, only embraced a narrow path. On reaching Chew Stoke 
the tiles on a house were dislodged, causing great alarm to the inmates. At 
Chew Magna, which was in the path of the storm, the roofs of some carpenters' 
workshops were much damaged. 

Atmospheric Electricity. — Observations have lately been made from the 
Eiffel Tower to ascertain the voltage variations at different heights and upon 
different days. The diurnal variations are the more consistent the greater the 
height ; there is a minimum voltage in the morning and a maximum in the even- 
ing. The morning readings agree, as to time of minimum, whether taken upon 
the top of the tower or on the level ; the evening maximum occurs one hour 
aooner upon the tower than upon the level. The mean potential was 3,000 volts 
freqaenti^ rising above 10,000. — Electrical Review. 
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Lightning and Trees. — M. Dimitrie has found that different kinds of wood 

have very different conductivities for the sparks of a Holtz machine. Oak was 
easily pierced, but beech was highly resisting. The quantity of water present 
was not so important as the amount of oil. Woods containing starch, and bat 
little oil, like oak and poplar, have much less resistance to sparking than those 
containing oil, like the beech. Pine, which contains oil in winter much more 
than in summer, is comparable with oak in resistance to sparks. When the oils 
are extracted by ether, these woods are as easily pierced as the starch varieties. 
Those containing starch are less easily pierced when living; than when dead ; the 
bark and foliage in all the trees are poor conductors. The conclusions accord 
with the observations that in a certain case 159 oaks were struck by lightning, 
as against 21 beeches and 59 pines. The danger of being struck, taking beech 
as the standard, is 5 for Norway pine, 33 fur pine, and 48 for oak. — Electrical 
Review, 

Tornado at Novska^ May 31st, 1893. — Mons. A. Mohorovicic has communi- 
cated an interesting paper on this tornado to the South Sclavish Academy of 
Science and Art. Novska is a town on the Save about one third of the way 
between Agram and Belgrade, and just on the southern edge of the hills lying 
between the Save and the Drave. On the afternoon of May 81st, the four 
o'clock train going eastwards was caught by the whirlwind when it had got about 
160 yards from the station. The last four carriages were thrown off in a south- 
west direction, the front of the train in a north-cast direction. The middle 
carriages were uninjured. One carriage, weighing 13 tons with three passengers^ 
was apparently carried over the hedge and the telegraph wires for a distance of 
30 yaras. The hedge and wires were uninjured. The passengers* accounts of 
their experiences are contradictory, and small wonder ! The guard was thrown 
out at an early stage of the performance. No one was killed, but a great deal of 
damage to buildings was reported. One girl, looking after a flock of geese, waa 
caught up by the wind and came to herself after her flight with only a scratch 
on the hand. A bvstnnder saw her in the air, and her long hair-pins were found 
300 yards from her final stopping place. A map giving the directions of the 
different groups of fallen trees in the adjacent forests shows that the circulation 
was cyclonic. The greatest force was apparently exerted on the tail of the train. 

Large Hailstones at Sea, — The following is an extract from the Meteorologi- 
cal Log No. 9,156, kept on board the S.S. Anglian^ by Captain F. J. Mosley : — 

" October 8th, 1893. Position at noon, lat. 47°3' N. long. 6°22' W., 8.30 a.m. 
Heavy thunderstorm accompanied by hail of the size of walnuts. Wind fell 
light, continued veering and backing between West and South-south-east, with 
hard rain squalls at short intervals for two hours, then steadied at South-south- 
west. The hailstones in this shower were of phenomenal size, many being an 
inch in diameter. Two actually measured were \i inches in diameter." 

Monthly Weather Report for Russia.— With January 1898, the Russian 
Meteorological Oflice commenced the issue of a Monthly Weather Report 
for agricultural purposes, somewhat corresponding to our own WeekUf JVeather 
Hepott The Russian paper does not deal with accumulated temperature at all, 
and treats of decades, not of calendar weeks. It gives, however, barometrical data 
which are entirely absent from the British report. The stations for which data 
are furnished are the Telegraphic Reporting Stations of the Russian and Fin- 
nish system, and numbered 73 in 1893. The barometer is entered without any 
comparison with standard means. The temperature is given for the decades 
and the month with difference from the mean in each case. Absolute max. 
and min. for the month are given for such stations as observe these phenomena 
or either of them. The other information contain "^.d in the table on the first 

Sage relates to relative humidity, amount of cloud, and wind frequency (8 points), 
kain, with difference from averages for decades and months, is given for 312 
stations, and also the number of days of snow covering, and the Report is accom- 
panied by a map. 
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ON THE RELATION BETWEEN THE MEAN QUARTERLY 
TEMPERATURE AND THE DEATH RATE. 

By W. H. dines, B.A., F.R.Met.8oo. 



[Beoeiyed Fefamary 2l8t.— Bead March 2l8t, 1894.] 

Havino been strnck by the continaonsly high weekly death rate daring the 
lasty remaxkably hot, sommer, I was led, as a matter of cariosity, to tabalate 
the retoms for preceding years, to see whether the occorrence was merely a 
coincidence or a general role. 

The Quarterly Returns of the Registrar- General for the whole of England^ 
published since 1862, have been taken, and the namber of deaths each 
qaarter expressed as a departure per thoasand, plus or minus^ from that 
particular quarter's average ; the value so obtained being placed side by side 
with the corresponding departure of the temperature from its mean value. 

It is well known that down to about 1888 a steady decrease of the death 
rate occurred, a decrease which has now unfortunately ceased. It is obvious 
that it would not be fair to compare the rate at either end of the period with 
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tbe meftD for the whole, hence the 82 jean hftre been divided into tin 
nearly equal parte and the rate eompared with tbe average cpf the part i 
which it occurred. 

The Registrar General's retm^s relate to the civfl qoarter (Jannai^-Mir* 
Ac), but the temperature has been taken for the m'aimna] qnarter (Deee 
ber-Fcbroary, &c.). This seemed to be the more satisfactory coarse, for ' 
cansc mnst precede the effect. Also the emmeetioD between heat I 
diarrhcea ia perfectly well known, bnt the time of the highest death r 
from diarrhcea comes some three weeks or so later than the time of hi^ 
temporatorc. It may be added that had the civil instead of the seaso 
quarter been taken the reanlts woold hare been snbstaotiatlj tbe same. 

The mean temperature is that of Greenwich. A more central stal 
would have been better, bnt for so long a period as three months, 
Greenwich tcmpcratnre, considered eimply as a departnre from the nu 
most Iw fairly representative of that of England. 
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signs occar together, that is a + with a +, or a — with a — , twelve times, 
and unlike signs sixteen times, the remaining four being instances in which 
an exact average value occurs, which cannot be called either plus or minus. 
Thus out of 28 winters we have 12 exceptions to the supposed rule. The 
exceptionally mild winters of 18G6 and 1883 were unlicalthy, and those of 
1863 and 1872 had an average death rate. The exceptionally cold winters 
of 1881 and 1893 were exceptionally healthy, and those of 1880, 1887, 1888, 
and 1891 had a nearly average rate. With the exception of 1813-14, 1891 
seems to have been the coldest winter of this ccnturv, and the fact that such 
a winter had an average death rate proves that prolonged cold is not neces- 
sarily prejudicial to health. This is the more remarkable, for 1891 was 
notorious for the number of its fogs. 

Marked instances occur in 1865, 1875, 1877, 1879, 1881, and 1886, but 
1889 gives the case of a healthy winter being coincident with a rather cold 
one, and 1892 of an exceptionally unhealthy winter occarriDg with a nearly 
average temperature. Thus in 32 years wo have six well-marked examples 
and five well-marked exceptions, and I think the figures justify our stating 
that there is no definite relation. They do, however, show that the old 
proverb that ** a green yuletide makes a fat churchyard " is not true. 

In the summer quarter there is a marked relation between the tempera- 
ture and the death rate. A hot sunnncr is always unhealthy and a cool 
summer healthy. We have 22 like signs occurring together and 7 unlike. 

The two summers notorious for cold, viz. 1662 and 1879, are the two 
healthiest summers in the list. The hottest summer, 18G8, is also the most 
unhealthy but one. Marked instances of the rule occur in 1863, 1867, 1868, 
1878, 1879, 1884, 1888, 1891, 1892, and 1803, each of these being an 
exceptional summer accompanied by an exceptional death rate. 

Every hot summer in the list has a death rate exceeding the average, and 
every cold summer, excepting 18b2, has a death rate belov/ the avcraj^'e. 
There are no actual exceptions to the rule, but two partial ones, viz. the 
healthy summer 1881 occurring with an average temperature, and the cold 
summer of 1882 occurring with a -f death rate. 

The excessive mortality in a hot summer is partly caused by the deaths by 
diarrhoea of children under 5 years of age, but even if all returns from this 
disease were excluded the rule given above would hold. 

It does not seem possible to deduce from the figures even the semblance of 
any relation between the two quantities for the spring and autunm quarters. 

The conclusions reached so far being contrary to the general opinion on tie 
subject, it may be well to examine the figures more in det;iil. 

In the winter quarter there are only two years in which neither quantity 
departs by less than 1*0 from the average. There are ekven years in which 
one* quantity is within "5 of the average and the other more than 1*0 away 
firom it. There are 19 years in which both quantities dillor from the average by 
more than 'S. Out of these 19 years 12 are favourable to the idea that a 
cold winter is unhealthy, and 7 are opposed to it. 

In the summer quarter the corresponding numbers arc 10, 8, and 17. 
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that of Loodon there is no corresponding incroase in the death mte. It 
tnnflt not be forgotten that the diflference between sammer and winter is not 
only one of temperature ; indeed, in England the temperature diffiarenoe is 
trifling when compared with that of other countries ; bnt it is also one of the 
a of daylight. 

9uh<hteA 










Absence of daylight means the increased nse of artifloial light, and in so 
far as the eontaminalioa of the air is eoncerned, one common gas burner is 
e^valent to fonr or five adults. The way in wbiob orercrowding affeots the 
death rate is well known ; and there oun be little doabt that, with the utter 
indifliarense to any proper ventilation that prevails, most of onr popniation live 
in the winter in air that is greatly overcharged with carbonic acid. This is a 
poinble ex[rfanation of the higher winter death rate, although it may per* 
haps bo doe to the direct absence of sunlight. The question is a most im- 
portant one, fOT if my suggested explanation be correct, the general intro- 
doction of good ventilation, or the use of the electric light in the place of gas 
or lamps, would greatly rednce the rate, whereas if the high rate be doe to 
temperature or the absence of sunlight owing to latitude, it is clear that no 
human agoioy can alter it. 



DIBOUSSION. 

Dr. 0. T. WiuuMs, hi a oommnnioation to the Secretary, said :—" This papei 
Is an attempt to trace a oonneotion between the mean quarterly temperature 
and the deaui rate, as baaed on (he Begiatrar-Oeneral'H retmna for 83 years, 
and diqdays mneh inKennity of thought, but not very reliable condosionBt fbi 
bow can wa judge of the effect of heat or cold without taking into considention 
Bwriature, wind, and other elements ? A^ain, the death rate must he analysed 
b^bra any conclaeions as to its connection with the weather can be drawn | 
to tiie otttbredc of some epidemics of a purely contagious oharooter will take 
place in any oondition of trie atmoaphere and cause a high mortality, whloh 
ahouldnotoe reforred to the temperatnre of the air." 

Dr. B. BauTES siud that his experience of statistics of mortality had led him 
to ttu ctXMlnsion that nnless euoh&gnreBwereveryoarefoUy analysed, Ulaoiooa 
rMnba were likely to be obtained. There were many other considerationt b«- 
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sides that of temporatiiro which exorcisod a disturbing effect on the death rate. 
And it was necessary to take such into account when discuesing the connection 
between weather and mortality. Sunshine was an important factor in the pre- 
servation of health, and he was in the habit of advising his patients to ** take 
as much sunshine as they could get." In the winter months the amount of 
outdoor exercise was considerably curtailed by reason of inclement weather, 
and there were many conditions dm-ing that season of the year which served to 
make the winter more unfavourable to health than the summer. He called 
attention to the papers of Dr. Buchan and Mr. Latham as especially valuable in 
this relation. 

Dr. A. Buchan said that, considering the paucity of data, considerable in- 
genuity had been shown in the manner in which tlio material had been handled. 
It was probable that much better results would have been obtained if the deaths 
from the various diseases had been dealt with. A hot summer was always 
attended with an excess of deaths from diarrhoea and bowel complaints, but a 
great deal of winter mortality was due to sudden changes of weather and indis- 



cretion in the matter of changing and putting off garments. The most unhealthy 
winter weather was usually when the temperatm'o ranged between 32° and 40 , 
the climatic conditions being of that description usually spoken of as " raw," 
and giving rise to affections of the tln-oat. When the weather was dry and 
frosty with a low temperature, good health generally prevailed, the sharpness of 
the cold serving to stimulate the body and impart a generally healthy tone. It 
would have been a better plan for Mr. Dines to have made the temperature 
quarters and the death rate quarters sjmcluronous, instead of commencing the 
temperatiuro period a month earlier than the death rate period. The proverb 
that " a green yuletide makes a fat kirkyard " appeared to be intended to apply 
to those seasons when the w^eather previous to Christmas had been mild, as sucn 
weather was frequently followed by a sudden change to cold early in the ensuing 
year, and a large mortality usually resulted from the advent of sudden cold 
after a warm period. Hot weather in summer was most fatal to young chil- 
dren and old people, but the outdoor life possible in the summer season tended 
to increase health. 

Mr. F. J. Brodik said that there was no one who had at all studied the sub- 
ject of the connection between weather and health but would agree that a mild 
winter and a cool summer were the best from a hygienic point of view, and that 
as a general rule the most "unseasonable" seasons were the most healthy. 
But while the conclusions which Mr. Dines had arrived at were correct, the 
method of dealing with the statistics embodied in the paper was not quite satis- 
factory. For instance, tlie average quarterly temperature at Greenwich was 
compared with the average quarterly death rate for the whole of England, but 
it was well known that ihe temperature of a season over even so small an area 
as England varied greatly in different localities. During the winter which had 
just ended (December 1893 to February 1894) the temperature in England SW, 
as given in the Weekly fVcathcr lirpoi^t published by the Meteorological Ofl5ce, 
Was O^'l below the average, but in England S it was 0°*7 above the average, 
and in England N W, the temperatiure exceeded the average by as much as 1°*6 ; 
so that to take the temperatiure at one place and compare it with the death rate 
for the whole of England w^as an objectionable method. It was to be regretted, 
too, that the quarterly averages of temperature and mortality were for different 
periods. He (Mr. Brodie) liad tabulated statistics of the death rate and tem- 
perature in London for several years past, and found that, owing to the different 
methods of working, there were considerable discrepancies between his own 
results and those given in the paper. In several cases a season which was said 
to be healthy or unhealthy over England generally was the very reverse in the 
metropolis, the locality from which Mr. Dines had derived his temperature 
values. A striking instance of this occurred in the winter of 1890-91. In the 
paper this is quoted as a winter with an average death rate, but in London the 
total mortality was 8 per cent, above the average, while the deaths from diseases 
of the respiratory system were as much as 83 per cent, above the average. 
There was at the time no epidemic of influenza, and the unhealthiness of the 
season might therefore fairly be attributed to the persistent low temperatures 
and to the undue prevalence of fog. 

Dr. W. Mabcet said that he agreed with Mr. Brodie in his objection to th« 
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avera^je temperature of Greenwich being compared with the death rate of the 
whole of England, as there were often great variations in the weather in even 
one season over different parts of the country. During the winter of 1890-91 
the weather was very severe in the south of England, and the cold was pro- 
longed over several weeks, but in Scotland he believed the weather was wetter 
and warmer than the average. There was no doubt that very cold weather 
killed a number of old people, and that extremes of temperature increased the 
death rate. It would be interesting to know, in view of Dr. Nanssen's expedition 
to the North Pole, what the effect of a term of years spent in Arctic tempera- 
tures would be upon the human body. He heard it stated by the monks at the 
Hospice on Great St. Bernard (8,000 feet above the sea), wno were all young 
men of strong constitution, and selected as best fitted to endure the rigorouB 
climate, that most of them suffered in health after living a year on the 
mountain, and after two or three years' stay were unable to remain any longer. 

Mr. G. J. Symons said that in comparing death rate and temperature he did 
not think it was desirable to adopt identical months, as there must be some 
interval between the weather influence and the entry of the deaths ensuing from 
it. Moreover, Mr. Dines had evidently taken identical quarters as well as the 
meteorological quarters, as he says, ** It may be added, that had the civil instead 
of the seasonal quarter been taken, the results would have been substsuitially the 
same.** 

Mr. W. H. Dines, in reply, said that his only knowledge of the subject was 
contained in the table he had given, and in the deductions that might fairly be 
drawn from it. With reference to Dr. Williams' and Dr. Barnes' remarks as to 
sunshine and moisture, he did not think that moisture, considered simply as the 
amount of rainfiEill, made much difference ; and he believed that others who had 
worked at the subject had come to the same conclusion. With regard to sun- 
shine, he had no figures showing its prevalence since 1862 ; but it would require 
very strong evidence to make him suppose that sunshine could be anything but 
favourable in the winter. It was different in the summer ; and if it was then 
healthy, its effect was completely overmastered by the accompanying heat. 
Thus the dull, gloomy summers of 1879 and 1888 had been very healthy, but 
the almost uninterrupted sunshine of 1868, 1884 and 1893 had given the three 
highest death rates in the list. With reference to epidemics, he thought that 
they were seldom widespread enough to greatly influence the returns from a 
population of 25 milhons, and that the few instances in which they had done so 
were unimportant, when taken in connection with a period of 82 years. He 
thought that Dr. Buchan's remark that a temperature between 82^ and 40^ 
was the worst to be very probable, and] further investigation might show that 
this explained the figures for the winter months. Gertamly it applied to 1891, 
in which the unusual phenomenon of some six weeks with a temperature below 
82° had occurred. He agreed with Mr. Brodie in thinking that the more un- 
seasonable the weather the more healthy, if unseasonable meant a mild 
winter and a cold summer. He had taken the Greenwich temperatures because 
they were so easily obtained; no doubt the differences from the average at 
Greenwich were not always the same as the differences in other districts, but on 
the whole he thought they were fairly representative of England, excluding of 
coarse Scotland and Ireland. He had taken the whole country, and not London 
only, for the death rate, because accidental variations, due to a local epidemic, 
or a period of London fog, for example, would be more likely to be eliminated. 
As a general rule the town and country death rate rose and fell together, 
although Mr. Brodie had instanced one case, namely the summer of 1882, in 
which they did not do so. His plan of taking different periods had been 
criticised; but, as Mr. Symons had pointed out, he (Mr. Dines) had taken 
the trouble to ascertain that the conclusions reached would have been the same 
if the other plan had been adopted. He had, when preparing the paper, been 
in consideraDle doubt on the point, but had been chieHy influenced by the 
returns relating to diarrheea. Mr. Symons had given another reason, which 
had not previously occurred to him. In conclusion, he said that he thought 
that the death rate curve for the winter quarter appeared to have no connection 
with tibie temperature curve, but that the steady slope of the summer curve 
from 1^ to right showed plainly the deleterious effects of heat and the beneficial 
•ffoots of cold. 
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On the Duration and Lateral Extent of Guete of Wind 
and the Measurement of their Intensity. 

Bt W. H. dimes B.A., F.B.Met.Soc. 



[Recei?ed Febroaiy 2]8t.— Bead March Slst, 1894.] 

The Boyal Commission appointed io inquire into the Tay Bridge disaster 
recommended that in similar stroctnres allowance for an extreme wind 
pressure of 56 pounds per square foot should be made. This estimate seems 
to have been based on the automatic records of the pressure given by the 
Osier pressure plate at various observatories, but it is thought by some 
engineers, who are well qualified to form an opinion, that such high pres- 
sures as 66 lbs. per square foot do not occur in England. As a matter of 
fact much higher pressures have been recorded, and the whole question 
reduces itself to this : How much reliance can be placed on the eorreeiness 
of the instruments ? 

In my opinion the attempt to obtain a record of the mean pressure and 
also of the maximum pressure by the same instrument is hopeless, and 




I now proceed to give an account of some experiments and observations 
which show that the maximum pressure given by the ordinary spring plate 
depends far more upon what may be called the " personal equation " of the 
instrument than upon the force of the wind. 

An extremely light pulley, J, was listened to the end of the cord coming 
from a foot circular pressure plate. A string, BB^ was placed over the 
pulley, the ends of which were fastened to two exactly similar springs, CC« 
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The springs were formed of tempered steel, of about i b j f section, and 
1 foot long, one end of each being rigidly fixed. One spring was loaded at 
the moveable end by a 21b. woight, TT. 

The mazimnm deflexion of each spring was recorded by tying a piece of 
cotton to the free end, passing it under a staple, P, and attaching a light 
aluminium index, E, to the other end. On raising the spring the index is 
drawn over a horizontal scale, and it, of course, does not return when the 
spring is released. The scales were made by applying definite weights and 
noting the position to which the indices were drawn. They were found to 
be exactly alike, and were carefully checked firom time to time. 

From the form of this apparatus it is clear that a force applied with any 
approach to steadiness must give the same result upon both scales. The 
actual results obtained from observations made during the past winter are 
shown in Table I., the first column giving the value from the loaded spring 
and the second column the simultaneous value from the unloaded spring. 

A glance at these figures shows how greatly the momentum of a pressure 
plate influences the maximum pressxure which it records. It can be shown 
mathematically, or by direct trial upon the apparatus, that a sudden jerk, 
the force not being sustained even for an instant, causes the unloaded spring 
to give the higher value ; but that a jerk, the force being sustained even for 
a second, causes the loaded spring to give the higher value. 

Neglecting the ** moment of inertia " and friction of the pulley, we see 
from elementary mechanical principles that the forces applied to each spring 
are always equal ; yet the diflerences of the deflexions produced are some- 
times as great as 60 per cent. 

It would appear from the figures in Table I. that the heavier a plate is the 
more likely it will be to give too high a value, for as a rule the loaded spring 
shows an excess over the unloaded. 

It is also worthy of note that the weight attached to the spring produced 
quite a dent in the wooden frame of the apparatus at H by hammering 
against it ; although it required a downward force of 1 lb., equivalent to a 
negative pressure of 2 lbs. on the plate, to make it touch the wood. A 
thrust cannot be transmitted through a flexible cord, hence the dent could 
only be caused by the oscillation of the spring ; and if it often swung below 
its zero position, it follows inevitably that it must often also have gone the 
same distance too far on the other side. 

It is possible that the aluminium indices were sometimes jerked into a 
position not warranted by the deflexion of the spring, but this would be more 
likely to happen with the one in connection with the unloaded spring than 
with the other. If so, it still more confirms my opinion as to the unrelia- 
bili^ of the records. It is very probable that this jerking of the pen and 
pen carriage is the true explanation of the enormous pressures Uiat are 
recorded. It is remarkable that Bidston Observatory is famous for high 
pressures, and, if the traces given in the Tay Bridge report are exact copies, 
the scale at Bidston is the shortest, and consequently, if the pencil is jerked 
sn infth or so too high, it will have more effect on the record there than 

elsewhere. 
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Tho difficnltj of meaaiirmf; a rapidly varying quantity is not confined to 
meteorology, bnt in other bnmcheH of Bcience the instriunontB QBed for thip 
ptiTpose are designed so that they may be adapted for the work they have to do. 
The indicator diagram of a steam engine, for example, vonld not, I imagine, 
be of much value if the diagram vrere drawn by an apparatos Bimilar to the 
ordinary recording preaaiire plate : yet the variations of wind force seem 
to be almost as rapid as the variations of the steam pressiire in the cvlinder 
of a steam engine. 

I think that the momentam of the plate itself often adds 80 to 60 per 
cent, to the real pressore. and that the sadden jerk transmitted throngh the 
chain or wire ofl«n brings the pen or pencil another 60 per cent, above its 
proper place. Mr. Ellis has told ns bow substitnting a flexible chain for a 
wire reduced the Greenwich pressure, and it is not nnreasonable to snppose 
tliKt if the chain also had been done away with, and the clock and dmm 
placed close behind the plate, a still greater redaction might have occurred. 

The pressore plate is a most nsefnl anemometer and gives most interesting 
results, including a perfectly accurate mean pressore. If it were provided 
with a rnck and catch, so that it conld not oscillate, bnt once driven back 
by the wind could not retnm nntil set by the observer, the record of the 
mean would bo lost, bat the record of the maximom wonld be reliable. 
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The precedmg resalta give no information as to the dnration of the gostB, 
bnt only show the great suddenness of the variations. For this pnrpose the 
tube anemometer has been nsed. This instnuncnt has been described 
before,' and the description need not be repeated. The maiimam recorded 
depends jnst as much on the particular instrument as it does with the 
pressure plate, but by contracting the tube which holds the liquid, or either 
of the pipes which transmit the pressnre from the head, it can be damped in 
a very convenient way. 



1 Quarterly Jtumal, ToL XTItl., ^ 166, and ToL XIX., p, 17. 
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Two similar glass tubes were obtained and bent to exactly the same curve. 
They wore partly filled with coloured paraffin oil and fixed on a frame side by 
side touching each other, with a velocity scale underneath. The ends of the 
tubes being connected with the head of the anemometer, the two columns of 
coloured oil moved up and down together, registering exactly the same 
maximum velocity for each gust of wind. A piece of tube of ^^ in. bore 
and about 8 inches long was then inserted between one tube and the head, 
the other being left as before. The maxima recorded for the same gust by 
these two tubes are given in Table II. 

TABLE II. — Maximum Velocities registered by Open and Contracted Glass Tubes 

WORKED BY TH^ SAME HEAD. 
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A large number of observations have been made, and they all present 
differences similar to those given in the table, which have been taken just as 
they came and not selected in any way. 

I really used five tubes, but since it soon appeared that the maximum 
registered was strictly proportional to the amount of damping brought 
into play, the observations from the intermediate tubes were discontinued. 
The figures given refer to the two extremes. 

It was found by experiment that the sudden application of a pressure 
corresponding to 40 miles per hour, the tubes then indicating zero velocity, 
produced the following effects : — 

The liquid in the open tube rose to 48 — 44, owing chiefly to its momen- 
tum, but partly because some httle of it remained sticking to the glass, 
there not being time for it to settle to its true level. The liquid in the 
damped tube rose steadily, it never exceeded the 40 miles per hour, but 
took from five to six seconds to roach that value. 

We do not know how the gusts rise, so we cannot imitate them artificially, 
but during a gale in which the maximum velocity, as registered by the open 
tube, is about 60, the minimum will not as a rule fall below 20. 

, The motion of the liquid during such a gale, which has occurred twice this 
winter, viz. on December 12th and February 11th, is most interesting. It 
conGasts of a perpetual oscillation between the limits of about 80 and 60, 
Bomeiimes risiDg and falling steadily, and sometimes by sudden jerks. 80 
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far as I have observed, however, an upward jerk is hardly ever followed 
instantly by a downward jerk. 

It appears from Table II. that the extreme force of the wind is hardly ever 
maintained steadily for so long as five seconds. If it were the two tubes 
would give maxima much nearer together. Also since the damped tube 
never falls so low as the other, it has not so far to rise, and would not take 
nearly five seconds to reach its maximum ; hence I am inclined to think that 
a gust seldom maintains its full force for more than one or two seconds. 

It must be remembered that in Table I. pressures are given, and velocities 
in Table II. Since the pressure varies as the square of the velocityy the 
percentage difference of the pressure deduced from Table IE. will always be 
more than double the percentage difference of the velocities. 

The same two glass indicating tubes were used to determine as far as 
possible the lateral extent of the gusts. Neither of them was damped, and 
they were connected with two separate but exactly similar anemometers, 
placed at the same height, viz. 18 ft., but 11 ft. apart, over the top of my 
house. 

The maxima given by the tubes for the same gust are shovm in Table m. 

TABLE III. — Maximum VELOcmEi bsoistered bt two Tubb Anxmombtxbs KiiCiD 
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It will be seen from the figures that even at so short a distance as 11 ft. 
apart the extreme force exerted is sometimes very different, but this is more 
fully borne out by direct observation of the instruments during a strong 
wind. It is perfectly apparent that the gusts often, in fact generally, strike 
the heads of the anemometers at different instants, and it often happens that 
the liquid in one tube is rising while that in the other is falling. 

The tubes were interchanged several times, but the exact similarity of the 
two instruments, and the fact that sometimes one and sometimes the other 
gives the actual maximum, shows that the differences could not possibly be 
due to the instruments, but must be a real phenomenon. 

One anemometer was south-east of the other, and the differences are 
always greatest with a South-west or North-east wind, in fact with a South* 
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east wind the two columns of liquid often move together as though they 
were rigidly connected. From this I gather that the extreme velocity mostly 
occurs in lines which are roughly parallel to the direction of the wiud. 

It would he very interesting to carry this investigation further, hut the 
conditions of exposure do not render it possible for me to do so at Oxshott. 
It is apparent to any one who carefully watches the motion of the trees in a 
gale that the gusts are of no great extent laterally. It is impossible to 
indentify the gusts that pass over a prominent poplar tree about 800 yards 
from any sitting room window with those that agitate the nearer trees. 

I am quite aware that at an exposed coast station the wind is not so gusty 
as it is inland, but the traces given by the bridled anemometer at Holyhead 
certainly do not lead to the conclusion that it is at all steady even there. 
In this anemometer there is no chain or wire, the pencil being rigidly con- 
nected with the cups to which the wind pressure is applied. As a Tesult, 
velocities which give a pressure exceeding 80 lbs. per square foot are ex- 
tremely rare, although the recent gale in this neighbourhood, which gave a 
pressure of 87 lbs. at Greenwich, would probably by comparison have been 
but a gentle breeze to the gale of November 18th-19th, 1898, at Holyhead. 

The late Mr. Hawksley, at one time President of the Institution of Civil 
Engineers, is stated to have said that ** the instruments at present in use are 
little better than philosophical toys, and that in general they afford no direct 
comparable or reliable indications of either velocities or pressures.*'^ So far 
as velocities are concerned, I hope this is not true now, although we still 
print all our records of velocity without comment, knowing the amount given 
is some 80 per cent, too high ; but so far as records of maximum pressure 
are concerned, I do not myself think they are worth more than the paper on 
which they are printed. 



DISCUSSION. 

Mr. W. AiBT said that he so entirely agreed with Mr. Dines*8 conclusions 
that he had no criticism to offer upon the paper. He was fuUy in accord with 
Mr. I>ine8*8 statement that " the attempt to obtain a record of the mean pres- 
gnre and also of the maximum pressure by the same instrument is hopeless.'* 
The maximum pressures recorded by the Osier pressure plate were too great, 
although no doubt the instrument recorded the mean presRure accurately. But 
while the mean pressure was of some value, the maximum pressures were the 
most important and useful, as it was those which caused damage to structures. 
He had noticed that the O&ler pressure plate never really fELced the wind when 
struck by a gust, the gust appearing to have the effect of making it oscillate 
sideways, so that the fuU force of the wind did not act upon the plate. Sir John 
Fowler had deputed to him the arrangement of the anemometers for the Forth 
Bridge experiments, and he erected two anemometers, one fixed with its front 
in the direction from which the strongest winds usually came (a little South of 
West), and the other moved by a vane. He predicted that the greatest pressure 
would be recorded by the fixed anemometer, and the results fully bore out his 
expectations. In connection with the Forth Bridge it was important to test the 
lateral extent of gusts, and for this purpose a large pressure plate 20 feet by 
15 feet was constructed. It being too heavy and awkward a thing to attach to 
a vane, it was fixed in a similar position to that of the small fixed anemometer 

1 Quarterly Journal, Yol. YIII., page 29. 
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and he believed it was found that the maximum preBsores per square foot on 
this 800 feet area were about two-thirds of those registered by the small plates. 
It would be interesting if Sir John Fowler would publish the results of the ob- 
servations that were made with these pressure plates. The lateral extent of 
wind gusts was an important factor, and one that it was desirable to know in 
order to ascertain the amount of pressure exerted over a large area of ironwork, 
such as the Forth Bridge ; but the sea appeared to be the only suitable place 
for making such observations. Some interesting particulars bearing on this 
point were given by Capt. Watson in a letter which he (Mr. Airy) had received 
when Secretary of the Tay Bridge Conunission. Regarding the duration of 
gusts, he (Mr. Airy) had never observed a violent gust which maintained its 
maximum pressure for so long a time as one second. 

Mr. B. H. Curtis said that Mr. Dines had again referred to what was without 
doubt a grave fault in Osler*s pressure plate anemometer, namely, the tendency 
of the momentum of the plate to exaggerate the record ; but he thought a stiU 
more serious, because at present still less understood, drawback to the instru- 
ment lay in the fact that it was impossible to compare inter se the records of 
instruments which differed as to size and shape of plate. Experiments which 
he had himself made with plates of different areas and shapes showed that the 
stream lines on their surfaces varied very greatly with changes in both directions, 
and from these and other facts he concluded that the pressure per unit of sur- 
face must certainly be less on large than on small plates. This fact, combined with 
the errors due to momentum, and — in some cases at any rate — others due to 
arrangements adopted for conveying the movement of the plate to the pencil, 
made the records from this form of instrument unreliable. With reference to the 
lateral extent of gusts, he could not agree entirely with Mr. Dines*s conclusions. 
It was very evident that in the neighbourhood of trees and houses the currents 
of air must become much broken up, and under such conditions they would be 
very different from what they would be at sea, or on a perfectly open plair.- 
Mr. Dines's vanes were placed upon the roof of a house, with gables and a roof 
which sloped from the walls up to a flat top, and the country round is undula- 
lating and well wooded ; under such conditions eddies would be numerous and 
inevitable, and it would be impossible to predict their character or extent. 
Anyone watching squalls travelling over the surface of the sea or of a large 
sheet of water, would notice that wliile they generally cover a considerable ex- 
tent of surface, in some cases they are very extensive indeed. Then, with 
respect to the duration of gusts, he was also unable to endorse what had been 
said by Mr. Dines and Mr. Airy. It was a point to which he had given a great 
deal of attention for many years, and lately ho had spent a good many hours 
by the side of Mr. Dines's pressiuro tube anemometer, watching the action of 
the pen in squalls of wind. That instrument entirely confirmed what he had 
previously observed, namely, that gusts of wind rarely come on with their full 
force all at once, but by a succession of stops or pulses, and he had certainly 
often noticed the pen to remain at its highest point for longer periods than had 
been mentioned. 

Mr. B. W. MuNRO inquired whether Mr. Airy could state the difference in 
weight per square foot between the large and small pressure plates used at the 
Forth Bridge Works. 

Mr. W. Airy said that he was unable to give the figures asked for by Mr. 
Munro off hand, but the difference was considerable. 

Mr. W. H. Dines, in reply, said that he considered that the maximum pres- 
sure was the most important, but he was certain tliat it could not bo obtained 
from a plate that was free to oscillate. He had found that in certain cases the 
wind pressure was greater when the air struck the plate at an angle than when 
it struck it perpendicularly, and this might perhaps explain why Mr. Airy had 
sometimes obtained the greatest pressure on a plate which could not turn to tho 
wind. His experiments had also shown that the greater the plate the less 
proportionally was the pressure upon it. He agreed with Mr. Airy in thinking 
that the greatest force was often not maintained even for a second, but it did 
not necessarily follow that Mr. Curtis was wrong in his belief, for some gusts 
might not last for a second, while others might maintain their full force for 
five seconds. This appeared from Table II., which gave some instances of close 
agreement between the two tubes, thus showing that the gust lasted some few 
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seconds. Replying to Mr. Curtis, he said that his two anemometers were 18 ft. 
above the ridge of the house, and he was inclined to think that they were high 
enough to be free from eddies. 



ON THE CALCULATION OF PHOTOGRAPHIC CLOUD 

MEASUREMENTS. 

By Db. K. G. OLSSON, 

Meteorologiska Centralanstalten, Stockholm. 



[Beceived December 27th, 1893.— Bead March 2l8t, 1894.] 

In consideration of the importance which measurements of the height and 
motion of clouds have obtained in recent times, I have, at the request of Dr. N. 
Ekholm, undertaken to develop formulce adapted to the computation of photo- 
graphic cloud measurements. Because, with observations of this kind, the 
photographic plate takes up so vast afield of view, that approximative formulsB 
giving the requisite precision cannot be used except for those parts of the 
imago near to the optical axis, exact formulae must be deduced by solving 
the spherical triangles and must then be brought into a form convenient for 
numerical work. In the first place formulae will be given for measurements 
with the ** cloud equatorial," described by Dr. N. Ekholm,^ and then, 
shortly, formulsB applicable for instruments of the theodolite type. 

Pig. 4. 




1. Let a sphere of arbitrary radius (Fig. 1) be drawn so that its centre 
JTtsoincides with the centre of the photographic object glass, and let a tangent 

^ Quarterly Journal Vol. XIX. p. 88. 
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plane QHLM of thle sphere be drawn, tonching it in ttie point C, whar»- 
the optical axis EC meets its enrface, then all the photographed otjecta will 
be projected in this tangent plane. Also, provided the object glass be good 
and the plate exacUy perpendicnlar to the optica] axis, the image on the 
photographic plate will be a projection perfectly similar to th« former. 
Bnpposing this to be so, let POZ represent a part ot this sphere, P being 
the point where the axis of the instroment, when prodaced, meets the snr- 
&eeof the sphere, the "pole" of the iustrament say, and KZ the vertioal 
line. Let ^ be the point in the tangent plane, the spherical eoordinates oi 
which are to be determined, and F the point, where EA meetB the apherioal 
enrface, then the arc PF ^ a and the spherical angle FPZ ^ 8 are the eo- 
ordinates Bonght. I suppose a to be reckoned &om EP upwards from 0^ ' 
to 180°, and S from 0° to +00° or -80^ on each side of the vertical phtoe 
KPZ of the instnunent. The arc PC ^ a' say, and the spherical angle 
CPZ ^ the arc OZ = 8' say, will be found by reading the circles of the 
iustrament, and may, of conrse, be considered as known. Then a ^stem 
of coordinates mast be drawn in the phot<%raph with its origin in the 
image point corresponding to C, and the coordinates of the image point of 
A mast be measured on the plate. Thus, the problem will be to oompate 
a and 8 by means of a and S' and those coordinates. 

2. Ftff this purpose, let (Fig. 2) K represent the inner principal point ot 
the object glass. Then, to the tangent plane QHLM in C (Fi^. 1) OOTres- 
ponds the photographic plate QHLM (Fig. 3i). If then a sphere be drawn 




through C with its centre in E, it will touch the photographic plate in Cf 
and if the straight line EP be drawn from E parallel to the axis of th» 
iustrament, the point P corresponds to the " pole " of the instmment (P in 
Fig. 1). The great circles drawn through i'will be projected, aa will be 
shown below, as straight lines on the photographic plate, and they will all 
meet in the point P' where KP prodaced meets the plane of the photo- 
graphic plate. The dihedric angle formed by any great circle with the vertical 
plane will reproseut a volae of 8, and the correspondbg values of a will b» 
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measured along the periphery of the great circle from P downwards. Thns 
we may conveniently call them ** a-great circles." 

8. Now let (Fig. 8) the photographic plate be laid in the plane of the 
paper, the line CK being directed upwards, and then, taking C as the origin, 
let two axes of rectilinear coordinates be drawn perpendicularly in such a 
way, that the axis of a touches the a-great circle of the sphere, the positiye 
directions being taken so that x is increasing with a and y with 6 ; thus 
CB'^x and BA'^y will represent the coordinates of J in this system. If an 
apparatus for measuring polar coordinates be employed, AC=r and the plane 
angle ACB^Q are the corresponding coordinates, where, of course, 9 ought 
to be reckoned from the left to the right, viz. from the positive a;-axis to the 
positive y-axis. Now let us introduce the auxiliary angles BKC » ^ and 
AKB=^\l/f and, moreover, for the second case (polar coordinates) AKO^zt. 




'tX 



Method J. Rectangular coordinates. 
The plane ABK meets the sphere drawn through C with its centre in K 
along the arc of great circle EF and the plane BCK along the arc EC. 
Thus the oic EF is « <// and the arc CE = <^. The triangle BCK, rectangular 
at C, gives, if CK bo put ^ k, k being an instrumental constant. 



x^k tan ^ 
From the same triangle we obtain 



(1) 



BK = 



CK 



cos ^ cos ^ 
and from the triangle A BK^ rectangular at J?, 

y=^AB^BK\aji^i, 

by which 

__ I tan y^f 

If *^^ """"^"^^"^ ... •». 

' cos ^ 



(2) 



By means of (1) and (2) ^ and \// can be computed. 

msw Bjaa^^B. — ^voi.. zxt 
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Melfioil If. Polar covrdMa*e$» 

The plane ACK (Fig. 8) intersects the sphere along the arc of great circle 
FC^ thus the arc FC is = c and the spherical angle EOF is ^s e. The 
triangle ACK^ rectangolar at C, gives 

r = i& tan e (8) 

from which e can be calcnlatei. Then the spherical triangle CEF^ rect- 
angular at E^ gives : 

sin )// = sin e sin 9 
cos )// sin ^ = sin e cos 9 \ ••• ••• (^) 

cos ^ cos ^ = cos e 

bj which 



L ^ ^ I r^ r cos 

tan A = tan € cos = — , - 

k 



(6) 



tan i// == tan sin <^ 

4. Now let the superficial triangle CPF in Fig. 4 be the same triangle 
as CPF in Fig. 1, separated from the rest, and let the arc of great circle 



Fig 4-. 




PC be produced so as to meet at E the great circle EF drawn from F per- 
pendicular to Pr, then again we find EC =<^and EF =■ yl. Also, 
putting 

A8 = 8 - 5' 



we obtain from the rectangular spherical triangle EF!\ 

sin a sin A8 ^ sin ij; 
sin a cos AS = cos i// sin (a' + <^) 
cos a = cos i// cos (a' + <^) 

from which 

tan \// 



(C) 



tan A8 = - 
tan a = 



sin (a'^ + <^) 

tan (g' + <^) 

cos A8 



(7) 



Here it pine* ba obtervcd that, for the numerical calculation, it is no( 



CM^BlidX— <Hf THB OALOULATION OF PHOTOOBAPHIO OLOtTD BCEASXTBBinEMTB. 191 

necessary to know ^, bat onlj tan xj^, and therefore the first of the formulas 
(7) is more suitably written in the following manner : — 

T X * e y cos 4> 

I. tan AS = . -,,,.. 

II. tan A8 = .^^^f ^ ^ ' 

Bin (a' + <f>) 

where I. is to be used for rectangular coordinates and IT. for polar ones. 

The above formulse are developed for the one of the two cloud equatorials, 
but can immediately be applied also for the other, if everywhere a is changed 
in P (compare Dr. Ekholm's formulsB (1)). Thereby it is to be observed, 
because the angles a and P are taken in opposite directions, and as the 
positive axis of x is drawn in the same direction as a increases, that the two 
photographic plates are 83rmmetrically equal, viz. if they be laid with the 
positive y-axis in the same direction, the positive ^-axis will lie in opposite 
directions, and consequently also the angle must be reckoned from the posi- 
tive ^-axis in opposite directions. 

5. In his paper *' A new instrument, etc." Dr. Ekholm indicates the 
advantage of being able to draw corresponding lines on the two photographic 
plates. Those are evidently each pair of lines, for which the coordinate b is 
the same, and, as now will be shown, those lines are straight. For in Fig. 2 
let a plane turn round KT^, then the sections between this plane and the 
sphere will be the a-great circles, and accordingly, the images of all the 
objects, that have the same 8, must all lie in the straight line, along which 
the turning plane intersects the plane of the photographic plate. In order 
to construct those lines, let us cut off from C on the axis of or a length (Figs. 
2 and 8) 

CP' = k tan a' (the numerical value) 

in the negative direction, if a' < 90^, and in the positive direction, if a' > 90°. 
Then, according to Fig. 1, the angle CKP = the arc CP = a', and thus the 
projection of CP on the tangent plane will be 

KG tan a' =: k tan a' 

so that P' will be the point where all these straight lines meet. Thus if the 
photographic plate be fastenc.l on a drawing table, these lines (for instance 
AP* in Fig 8; may be drawn with a rule. If CP' be so great that the point 
P' cannot be conveniently employed for the construction of the lines JP\ 
which may be the case for a' between 80° and 100°, a scale (CiAi) drawn 
perpendicularly to CP' in a point (for instance Ci=i GP') may be employed 
instead of P'. 

This proceeding may also bo applied in order to obtain a third method for 
determining AS, 

MeiJwd III. 

Let CA'=y^ (Fig. 8) be the part of the axis of y cut off by any of the 
linee P'A^ Then an expression for yo can be found in the following manner. 
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In Fig. 2 let a plane be laid through C and the axis of y (or CA) perpea- 
dicnlar to KP, and let it cat KF m H (Fig. 5). The triangle A'CB, 
rectangular at C, gives, the angle A'HC being = A 8, 

y, = J'C = CH tan A 8 

bat 

CH = KC pin a' = it sin o' 

thas 

y„ s= A; sin a' tan A 6 

from which 



y# 



^ ^^ = ife sin 



• •• 



(») 



Fig. 5. 




In order to find the corresponding line on the other plate, we hare : — 

r,' = k' sin ^' tan A 8, 
k' being the insfrnmental constant of the other instrument, analogous to h 
for the first. As then the quotient 

y: ^ fr' jin p* 
yo k sin a! 

is a constant for the two plates, the corresponding lines are easily drawn. 

For an instrument of the theodolite type P' is the image on the plane of 
the photographic plate of the zenith point, and the straight lines AT* are the 
images of the vertical circles. As, however, the two instruments are de- 
prived of the advantage, that exists in the cloud equatorial, of having a 
common plane, these lines have not the quality, that one of the coordinates, 
which are to be determined, is the same for all the objects that lie on two 
corresponding lines. 

6. If the formulsB above given are combined, the scheme will be as fol- 
lows : — 

Method i. Measuring of the rectangular coordinates x and y on the photo- 
graphic plate : 

tan^= I : tan (.i-t') = ,-?^J-., ; tan a = *-^-^?' *,? ... (lOj 
^ k ^ sm (a' + <^) cos (o — 60 

Melliod II. Measuring of the polar coordinates r and 6 : 

r cos , ,^ ,,,v tan sin <f> , (tana'+<^) ^,^^ 

ten * = -^— ; tan (8-6') = -. -^, +^y^- = ^S^i')' ("^ 
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Method II L Graphical constr action of the a -great circles an I measure- 
ment of X and yo : 

With regard to the determination of the quadrants in which the angles 
ought to be taken, we observe that <^ lies between —90° and 0°, when x or 
cos 9 is negative, and between 0^ and +90°, when x or cos G is positive > 
that A 8 lies between — 90° and 0°, when tan A 8 is negative, and be- 
tween 0° and +90°, when tan A 8 is positive ; and that a lies between 
0° and 90° when tan a is positive, and between 90^ and 180° when tan a is 
negative. For instruments of the equatorial type uncertainty can never 
arise, as the instruments can never be supposed to be directed so that their 
sight lines are nearly parallel to the common axis of the instruments (KP). 
For instruments of the theodolite type uncertainty can, however, arise at the 
determination of the quadrant of the azimuth, when observations are made 
near to the zenith ; this will be considered later on. 

The constant Ir, that is employed in the formulae, will be determined by 
measuring the rectilinear coordinates of some well defined points in the 
photograph of an object on the earth, and then measuring the angular 
coordinates of the same points by means of the tube and circles of the 
instrument. For the same photographic plate k sin a' is also a constant, and 
thus Method III. is advantageous, if a great number of measurements are to 
be made on the same plate. Among the angles here employed, <f> can be 
tabulated with a; as an argument, as this angle is dependent only of x and 
the constant k. 

If 8, a and ^ be calculated by means of the above formulaa, the following 
calculation will be performed by means of the formulaa given in the paper of 
Dr. Ekholm above mentioned. 

7. I will now shortly give the formulas that are applicable for instru- 
ments of the theodolite type. 

In Fig. 6, let the great circle ZS represent the common vertical of the 
two instmmentSi from which the azimuth angles are supposed to be 
reckoned with watch-hands (sunwise). KC is supposed to be the optical 
axis of the instrument produced, ZC is the zenithal distance, z', read on the 
circle of the instrument, the spherical angle CZS the azimuth, say a\ The 
tangent plane in. C corresponds to the photographic plate. The coordinate 
axes are supposed to be drawn in the tangent plane so that the axis of x 
touches the vertical circle in C, and the coordinates taken in the same direc- 
tion, in which the corresponding spherical coordinates (z' and a') increase. 

For the sake of perspicuity let in Fig. 7 the spherical triangle ZCF be 
separated from the rest. If we put 

A a = a^a' 

and if the two auxiliary angles ^ and i/^ be introduced, defined as before, we 
•btaia 
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bIq 2 sin A^ = sin i// ] 

Bin ;j COS Art = cos »// sin(5'-f-<^) r (18) 

cos z = cos xj/ cos {z' -f- <{>) J 

and the following systems of formulae : — 
I, Rectangular coardinates. 

. . a; . ^ y cos 6 . tan («' + ^) 

tan <f)= - ; tan Aa = , — f—r-r, ,^'f tan « = ^^ — -— ^ ••• 

k k Bin («' + <f>) cos Aa 

77. Polar coordinates. 



(14) 



tan^ = 



r cos ^ ^ tan sin </> - tan (s' + <^) 

— I — ; tan Aa = . . , , , T ; tan « = — ^— 

k sm(2+<p) cos Aa 



(15) 



Jf 
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Here it mast be observed that ought to be reckoned from the posiirvo 
ic-axis, from the left to the right, in both instruments. 
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III, Measurement qf x and yo. 

In Fig. 8 let the rectangle GHLM be the photogrnphic plate, laid in the 
plane of the paper. Z' is the projection on the photographic plate of the 
zenithal point Z, The straight lines, that are the images of the vertical 
circles on the sphere, all meet in Z\ which, as the zenithal distance never 
is greater than dOP, always lies on the negative a*-axis in a distance from C : 

CZ' = kUmz' 
Ftg.d. 
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Bj laying a plane through the y-axis perpendicularly to the zenithal line 
KZ in Fig. 6 we obtain : 

Ifo *= h sin «' tan A a 
Thus the formulaB in this case are : 



X ^ Vo 1 J ^ X tan (« + <^) 

tan Aa = , . - ,\ tan </> = , ; tan ;? = — ^ ' 
A sm s' ^ k ' cos Art 



(16) 



G 


-^J^ 


f ^ 
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V 



H N L 

When observations are made near to the zenith, the quadrant of A a is de- 
termined as follows. Because the angles <^ and y^f can always be supposed 
numerically less than 90^, the first two formulsa (18) prove that sin A a has 
the same sign as sin )//, and cos A a the same sign as sin («'+^)« But 
according to the formula 

COB 6 

•in ^ has the same sign as y» and from Fig. 9, analogous to Fig. 8, we find, 
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that if the point J to be muasnred falls to the left of the line NO drawn 
through the image Z' of the zenith point parallel to the y-axis, s^r{-fi3 
positive, and if A falls on the right of NOy z*+^ vb negative. Thus sin Aa 
has the same sign as y, and cos Aa the same sign m x+k tan «'• Thus, if 
the point A falls within the rectangle 0Z\ Ai oaght to be taken in the Ist 
quadrant, 

if A within A/Z', Aa in the 2nd quadrant 
LZ', „ 8rd 
nz\ „ 4th 

Nummoal Example, 
a'-47°80-'8; 8'«+84°66-7; y=+82,6mm.; a?=+28,6mm.; 

ik=: 125,8 mm. 

logo; =1-4564 logy=l*5119 

log k = 20997 



f> 



II 



II 



11 



Method I. 



Formulae (10) 



log tan </> s 9*8567 
<^ = + 12° 48-'5 
a'« 47 80-8 
a' + </>= 60 18-8 



log cos <^ « 9'9891 
Sum ..1-5010 



log tan (a' + </>)« 0-2441 

log cos AS -5 9-9825 

log tan a -- 0-2616 

a = er i8'o 



log h s 2-0997 

log sin (a' +</>) = 9^9889 

Sum = 20886 

log tan A8 = 9-4624 

A5 = + 16° 10-'8 

5' = + 84 56- 7 

8 = + 51 7-0 



Method n. r == 48,29 mm. e = 48°89-'0 



Formulae (11) log r » 1-6864 






log cos = 9-8200 




log tan e = 0,0555 


Sum = 1-4564 






log k = 2-0997 






log tan </) = 9-8567 






<^_+12^48-'5 




log sin <^ =^ 9-8458 


a'= 47 80- 8 




Sum = 9-4018 


a'+ <^= 6018-8 


log 


sm (a' +</>) = 9*9889 
log tan AS >:^ 9-4624 


log Ian (a' + <^) ^ 0-2441 




AS = +ie°10'-8 


log cos AS ttK 9*9825 




8' = +84 56 -7 


log tan a = 0*2616 




8 = +51 7 -0 


a=61°18'-0 







* II ^ be tabulated, the 3 rows afe excluded. 



OtBSOk — OH TBE OAtiOUlATtON OF ^HOTOOBAPHio OLOUD MEASUBEMKNTS. 197 

Method in. yo = + 26,9 mm. 
FormolsB (12) log yo = 1*4298 <^ aod a are calculatel as shown in 
log * sin a' = 1-9674 

log tan A3 = 9*4624 the first vertical row in Method I. 
A8 = + 16° 10'8 
5'= + 84 66-7 

8 = + 61 7-0 




Addition to the above solution give^y bt Db. Olsson. 

Bt nils EEHOLM, Hon.Mem.R.Met.Soc. 

A later consideration of Dr. Olsson's formalsB for the equatorial photo- 
grammeter has suggested the following simplification of the formulsB (1) given 
in my last paper^ combined with those of Dr. Olsson. 

Let <^i and i/^i denote the auxiliary angles for the first equatorial, <^ and 
yf^^ those for the second, and for the sake of shortness put a' + ff>i = A^ 

Then by the formula (6) of Dr. Olsson 

sin a sin A6 = sin ^i 

sin a cos A3 = cos yf^i sin A 

cos a = cos yf^i cos A 

sin ^ sin A3 = sin i//, 

sin P cos A3 = cos ^a sin B 

cos ^ = cos ^a cos B 

A 3 « 3 — 3' being the same for a corresponding point at the two instru- 
ments. 

Multiplying I. (2) by H. (8) and I. (8) by H. (2) and dividing by cos A 3 
we get 

^ cos ^i cos ^9 . ^ ^ 

sm a cos /3 = — ^^^ . ji — sm ii cos JB 

^ cos Ao 

. o _COS^iCOSV^j . o A 

sm i3 cos a = — j^ .^^ sm B cos A 
'^ cos Ao 

and by addition 

. / . n\ COS xl/x COS \l^ . / ^ . ^v 

*^ (^ + ^)= COS A3 '"^ (^ +^) 
Also multiplying I (2) by n (2) and dividing by cos' A3, 

• ^ _ cos v^i cos ^{'a . ^ . D 
sm a sm » = — , . ^ • sm il sm JS 
^ cos' Ao 

Introducing these values in our formulsa (1) cited above we obtain 

6 sin B cos -4 _^ 5 sin i^ cos B 
^^ Bm{A+B) ""*"■ sin(^+^j 

_ fc sin J sin JB sin 3 
^■" wcl{A+B) • coTaS f ™- 

__ 6 sin -.4 sin JB cos 3 
*"" Bm{A+B) • cosAS 

> QutrUrl^ Journal VoK XIX. p. 42. 



\ 
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where 

a' and /3' ore read on tlio circles of the eqiiatorials and <thf ^t ^ ^ ^^^ ^ ^^ 
found as shown in Dr. Olsson's paper. Thus we need not calculate a and p. 

There may be a slight diflcronco batween B\ and 8\ and between S^ and 5, 
(notation analogous to that uscil iu my cited paper, p. ^8) due to instrumen- 
tal errors ; if such be the case, the arithmetric mean of Si and S^ and of AS^ 
and A3^ must be introduced in the formula? III. 

Then the shortesi distance A between the sight-lines will be 

_ 2h ^1 — &i sin - i sin B 

cos A*^ 2 sin {A + IJ) 

The formula} II[ as well as the formula) (1) above cited combined with Dr. 
01sson*s formuloB are both very convenient for numerical work, so that a 
double calculation by means of the two systems will give an excellent control. 

Similar simplifications are not applicable for the theodolite photogrammeters, 
as for them generally Aa is difierent for a corresponding point at the two 
instruments. 



DISCUSSION. 

Gon. R. Strachey, in a communication to the Secretary, said: — This paper 
may be regarded as being supplementary to that of Dr. Ekholm {Quarterly 
Journal^ Vol. XIX. p. 38). It is designed to supply more exact formulse for the 
calculation of the position of clouds obtained from photo^aphic pictures, by the 
adoption of spherical coordinates instead of rectilinear; the discussion being 
made to embrace the cases both of cameras mounted as theodolites, and 
equatorially as proposed by Dr. Ekholm. Whether such refinements in 
computations of the heights and position of bodies so indefinite in their natrure 
as clouds, are likely to be of practical value is perhaps questionable, and it would 
have been instructive to have had examples of actual observations treated with 
both in the approximate and more accurate manner for comparison. If, as is by 
no means improbable, the unavoidable uncertainties are much in excess of the 
differences brought out by the two methods of computation, the additional 
refinement seems uncalled for. The system last tried at Kew, by which the 
cameras were fixed with their optical axes directed to the zenith, may be regarded 
as a particular case of Dr. Ekhohu's equatorial mounting. By it the direct 
comparison of the two sets of pictures got at the ends of the base, was made 
possible by simple superposition, and such a system mi^ht perhaps be extended 
so as to get directly comparable pictmres from any point in the heavens, which 
would admit of almost all calculation being avoided, and the results being 
treated almost as simple " observations.*' 



iNWABDS — SOME PLEilOMENA OF THE UPPER AIB. lOO 



ON SOME PHENOMENA OF THE UPPER AIR. 

An Address delivered to the Royal Meteorological Society, 

April 18th, 1894. 

By RICHARD INWARDS, F.R.A.S. 

President. 



It mast be confessed that the human family are not placed in the host 
position for entering upon the study of the upper air, for we are on the 
wrong side of the earth's envelope for this purpose, and our position has 
been compared to that of an oyster at the bottom of the English Channel, 
trying to form some notion of the play of the waves and currents above by 
observing the small eddies and tremors which find their way to the little 
nooks and comers which constitute his domain at the bottom of the sea. 

We have indeed done a great deal towards accumulating accurate particu- 
lars of the state of the air in its lowest layers, but the great field of research 
above us is still but little known, and we have to guard against attaching too 
much importance to minute and multitudinous observations below, while we 
are but too apt to neglect the broader researches into the great aerial ocean 
which is ever flowing above our heads, and out of our immediate reach. 

It is the dream and aspiration of every meteorologist to know something 
more of this ocean of air, and it must bo in the domain of this higher meteo- 
rology that the further conquests of our science must be won. 

There are three principal ways in which the higher atmosphere may be 
studied. 

Firsts by going and living in it, somewhere on one of the great moun- 
tain chains which rise many miles into the air in various parts of the globe ; 

Second^ by ascending into it by means of balloons ; and 

Third, by the study of the upper currents, as shown to our sight by the 
movements of the clouds. 

I shall have a few words to say on each of these methods of observation, 
and I must ask the Fellows to forgive me for adopting a less technical 
style in these remarks than that to which they are accustomed within 
these walls. My reason is a sufficiently good one (next to that of my 
own shortcomings), and is, that the subject is so vast that I should have 
little chance of finishing in one short hour were I to give anything but a 
rapid and general glance at the subject. 

If we imagine an observer provided with optical aids similar to our own, 
and viewing the earth, say from somewhere on the darkened part of our own 
moon, such a person would be able to take a much more comprehensive view 
of the movements of the air than we can ever obtain, for he would see masses 
of clouds wandering over oceans and continents, desert wastes, and polar 
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spaces, and, having the advantage of a comprehensive view of a hemisphere 
at once, he would not be long, at any rate with respect to the great cloud- 
bearing currents, in forming just notions of their movements. 

The earth would be to him a splendid object about 16 times as large as 
the sun, and probably the brightest and most beautiful feature to him would 
be the ever shifting veil of clouds which he saw spread over its surface. In 
some of the densest, and to him brightest spots, we should, however, perhaps 
be suffering all the horrors of storm, thunder and wreck, small commotions 
which would be quite invisible from the point of view which we have just 
imagined. 

One of the first questions to be askod, and one of the last to answer satis- 
factorily, is, How thick is the envelope of air which surrounds the earth ? 
This is one of the things about which little consolation will be obtained by 
referring to meteorological works, for the various authors hover between 20 
and 500 miles in their estimates of the height of the air. 

But although we have no definite knowledge of where the atmosphere 
really ends, we are well acquainted with the sum total of its weight, and we 
know that at a height of about 8 miles half of its mass is below our feet. 
We are told, too, that the air cannot reach further into space than the point 
where the force of gravity is so diminished by distance as only just to equal 
the natural repulsive force with which the atoms of air (like those of all 
other gases) are striving to get away from each other. It is not too much to 
hope that experiment will some day enable us to fix this point. 

Now the first way that I mentioned of extending human knowledge in an 
upward direction is by climbing a high mountain, and by living at a great 
height, to endeavour to study while actually in it some of the properties of the 
higher air. Dr. G. Theodore Williams, a few months since, gave us an 
interesting account of life in the higher altitudes of Colorado, and it has been 
my own lot to have lived on the great mountain chain of the Andes for about 
a year, and to have had opportunities of making notes which support the 
conclusions at which he arrived. 

In these high plains of the Andes we get a good opportunity of studying 
the effects of rarefied air on animal life, and one of the first things we should 
expect in people who have to live in an atmosphere which only allows them 
to take in about two-thirds of the usual quantity of oxygen each time they 
breathe, would be that they would be sure to suffer from lung troubles, and 
that strangers coming from lower levels, where they had been accustomed to a 
fiill supply of that prime necessary of life, would fall ill or pine and die. Our 
surmises, though apparently founded upon reason, would be woefully wrong, 
for we should find ourselves among a people to whom lung diseases are almost 
unknown, who have no words in their language for consumption or catarrh, 
and who go about their daily occupations without ever suspecting that they 
are badly used in being deprived of so large a portion of their atmosphere. 
As to the stranger who arrives among them, after the first inconvenienoe 
caused by the sudden change, he generally improves in health, and if he 
had any ohest disease when he came, he generally promptly loses it. 
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Another thing which does not seem unreasonable is that birds, having but 
little more than half the density of air to beat against with their wings, 
would be unable to fly so swiftly or so fiEur as those in lower air, but yet here 
we see the great Condor spreading his wings without an effort and sailing 
over the highest mountain peaks, while at 10,000 ft. altitude the little humming 
birds flit about hour after hour without even seeming to wish to settle. 

1 believe the eggs of birds are, at these heights, provided with a larger air 
bubble. 

We find the men (I speak of the Aymar^ Indians, among whom I lived) 
to be a large chested and rather short legged race, with a great capacity for 
prolonged and patient exertion, but with no particular aptitude for great or 
sudden efforts. 

One of the first things we notice here is that boiling water is not so hot, 
and certain kinds of food cannot be cooked at all by boiling. The sky is of 
a darker and purer blue. Sounds are not so loud, nor echoes so clear or 
frequently repeated as those below. Pumps and siphons do not raise water 
to the same height, fires will not give out so much heat, and furnaces which 
will melt certain minerals at ordinary altitudes will not do so here. 

Exertion soon becomes fatiguing, and only a few yards running will cause 
a stranger to pant for breath. 

The clouds are often seen widely spread out beneath your feet, and, just as 
in some of the pictures I hope to exhibit, oue seems to look around on a 
wide sea of clouds, studded with blue islands, where the mountain tops 
pierce through into the sunshine, while the cloud-sea fills up the valleys, 
following every hollow aud winding along every torrent bed, and showing 
bays and creeks without number, just as on the shore of a veritable sea or 
lake beneath. 

In the high plains which we cross at night the electric effects are most start- 
ling, and I well remember my surprise at seeing brushes of flame issuing from 
the mules' ears while the arriero's spurs seemed hke two fiery stars dancing 
near the ground. Every time we touched the manes of the animals a line 
of fire followed the hand, and a hissing noise was heard. These things are 
not rare, and I am prepared to believe that in Canada there are times when, 
as stated, an ordinary gas jet can be lighted by a natural spark from one's 
finger. 

Then on these great mountain plains we often see whirling columns of 
sand (in form and motion like waterspouts at sea) careering along the vast 
dusty desert, and although one can sometimes see as many as six of these at 
once, yet it seems a rare thing to be actually enveloped in one. Their hori- 
zontal motion over the ground is quite leisurely, though there is a furious 
current of air and sand curling round in their centres. 

The importance of high stations for weather observatories is fully recog- 
nised by other nations; and I need only name the gallant effort of 
Harvard College, who have, at their own expense, established in Peru an 
Observatory with full equipment of recording instruments on Mount Char- 
chani at a height of 16,650 feet above the sea. When I tell yon that this 
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Observatory is more than 8,000 miles from the College, Mid is also in 
another country and hemisphere, some notion may be had of the effort 
necessary to establish and maintain it. 

The second method of attacking the regions of the higher air is by 
moans of balloons ; and since Montgolfier first proposed to introduce French 
soldiers into Gibraltar by means of his balloon, there have been many 
ascents into the atmosphere by these means. Though the inventors did 
not at first venture themselves into the car of the balloon, yet MoQtgolfier 
proved the practicability of his scheme by sending up sheep and fowls, 
which duly came down alive. 

It would be a task far too long to enamerate all the air voyages which 
have enriched science by the discoveries of new facts as to heat and 
moisture, wind and tempest, but in 1850 Messrs. barral and Bixio found at 
20,000 feet the temperature had sunk to 15^ F. This was in a cloud, and 
on emerging from this 8,000 feet higher, the temperature sunk as low as 
— 88° or 70° below freezing point. Those voyagers, too, had the honour to 
be the first to pass through a cloud made up entirely of fine needles of ice, 
so that they managed to experience an arctic temperature in less than an 
hour's journey from Paris. 

Then there were the memorable ascents msi le by our countryman Mr. 
Green, who was accompanied by Mr. Wt-lsh, F.R.S., of tho Kew Observatory 
(whose portrait on an olddagueriotypo, and with a group of o'hcr celebrities, 
will be found in the Exhibition), and they confirmed previous observations as to 
the air becoming about 1° colder for every 800 feet rise. Mr. Green, too, was 
one of the first to witness two complete sunsets on the same day ; for 
though he started from the earth some tiine afier sunset, he rose so rapidly 
into the air that he soon saw the sun again, and watched it once more setting 
behind a more elevated horizon. 

Then Mr. Creswick, of the Greenwich Observatory, made an ascent in a 
very old and damaged balloon, and after many perils came down, luckily, 
without accident. 

But after these came the never to be for^-otten series of ascents by our 
own Mr. James Glaisher, F.R.S., a former President of this Society, and a 
man still hale, though long past 80, who, with Mr. Henry Coxwell the 
aeronaut, also still living, undertook for the British Association a series of 
ascents provided with all the scientific a[paratus necessary for a thorough 
examination of the currents of air through which they were to pass. They 
made 28 ascents, principally in a balloon made of American cloth, and not of 
silk, as the custom had been. 

In the very first ascent some interesting facts were noted. At 
15,500 feet the temperature had ranged between 26° and 81°, but after 
getting as high as 19,500 feet it was found to be 11° warmer, and just as 
they were taking off some of their thick clotliing, they suddenly encountered 
a cold current of the temperature of 1G°, all in a few moments. They came 
down with enormous rapidity, at the rate of about 4,000 feet in a minute, 
and they also sunk through a cloud 8,000 feet in thickness. 
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In 1862 they made the ascent in which they reached an altitude never 
before attained and which has not since been surpassed, and they ran very 
great risk of perishing from the drowsy faintness produced by breathing 
the rarefied air. Mr. Glaisber collapsed, and although bis brain retained for 
some time its thinking and observing powers, yet he found himself unable to 
move a single muscle and finally he fainted ; while in the meantime Mr. 
Gozwell, whose hands were frost-bitten, only just managed to open the gas 
valve with the aid of his teeth, so as to enable tbem to descend from their 
seven miles altitude and to land safely on the earth. I can remember in 
these rooms hearing Mr. Glaisher*s graphic description of his sensations 
when in a fainting condition, and his being '^ heckiud " by a medical objector 
who seemed to see some difficulty in his account of the symptoms. 

Mr. Qlaisher has described in his TraveU in the Air all the moving 
incidents in subsequent ascents, the grand cloud scenery passed through, 
the warm and cold currents, the layers of clouds at different heights, some of 
them raining freely into each other, the various efiects of the rarefied air on 
themselves and on the pigeons they let loose from time to time, and he relates 
even so small a circumstance as the cork flying out of a water bottle owing 
to the expansion of the air within. 

But there is a mode of getting information from balloons without under- 
going the danger, and this is by sending up, instead of an observer, a series 
of instruments so cunningly contrived as to register the various changes of 
condition through which the balloon rises. This has just been done in 
France through the enterprise of M. Hermitc, nnl the results are most 
interesting, for it appears that one of these lalloons has burpassed all 
previous ascents, and has lisen to a height of tc!i miles into the air and 
brought down automatic records of its journey. Mr. Green long ago ex- 
pressed the opinion that it was useless to hope to ascend higher than ten 
miles even in a balloon inflated with pure hydrogen gas, but he probably 
reckoned on a living observer being carried up. 

This French balloon rose to a point v^hero the pressure was only 4 1 
inches and the temperature — 104 F. It seems from the results of this 
ascent that the temperature of the air decreases pretty regularly above 
12,000 feet at the rate of 1° for every 880 feet rise into the air. 

A word about the possibilities of the human animal taking to himself 
wings and flying into the space above. It may be said that a great many 
inventors have occupied themselves with the problem, and that it is only re- 
cently that they have been rewarded by the 1* ast glimmer of hope. 

In the 16th century that wonderful Milanese vsho seemed to have com- 
bined within himself the powers of a host of masters, — I mean Leonardo 
da Vinci, — ^made many designs for flying machines, but in describing one of 
the most ingenious of them he let fall an observation which shows that he 
had not much faith in their success, for he writes to a pupil who was going 
to try the flight: ** Thou wilt experiment with this instrument over a lake, 
and with a long leather bottle round thy waist, so that thou drownest not." 
Here we have an instance of an experimenter anticipating failure in what he 
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attempts, but inventing a mast nsefnl thing (the life belt) as an aoeesaoiy 
to the abortive scheme. 

Herr Lilienthal has, however, actually made a flying apparalos with wings 
of 15 square metres, and he has succeeded at Steglitz, near Berlin, in flying, 
or rather gliding, through the air for a distance of 278 yards, always, how- 
ever, slightly declining towards the earth, at an angle of from 10^ to IF. 
(See Nature, December 14th, 1898.) 

In order to start, he has to run smartly a few steps against the wind, an 
evolution which the larger birds of prey have to perform when they rise from 
level ground. And we are told the same thing of our British bustard, now 
becoming so rare. 

Bat as to this possibility of flight, although science cannot look to it for 
much aid, yet since the appearance of Professor Langley*s ExperimenU in 
AiTodynamics the subject has entered another phase, and this truly eminent 
investigator gives it as his deliberate opinion that '* mechanical sustentation 
of heavy bodies in the air combined with very great speeds is not only 
possible, but within the reach of mechanical means we actually possess, and 
that while these researches are not meant to demonstrate the art of guiding 
such heavy bodies in flight, they do show that we have now the power to 
sustain and propel them." 

We now come to the third method of getting knowledge about what is 
going on above us, and this we can do by studying the behaviour of the 
clouds which float over our heads. 

Aristotle define i a cloud as a mass of vapour floating in the air, and if we 
substitute water for vapour, or call it visible vapour, or as Tyndall named it 
*' water dust," we shall not have much altered the twenty century old definition. 

Clouds are simply a form of water made visible by the cooling of the air 
which previously held the water in the form of invisible vapour. 

Every cloud may be regarded as the top of an invisible warm column or 
current thrusting its way into a colder body of air, and one point should not 
be lost sight of, that the clouds themselves sometimes form a barrier to the 
horizontal motion of the currents that produce them, and it is common in 
thunderstorms to see an enormo'is mass of cloud climbing higher and higher 
into the air till it seems to topple backwards upon itself like the cap of foam 
upon a gigantic wave. 

It is of the greatest importance that meteorologists should agree on the 
names by which the various clouds should be known, and there is, I believe, 
an international scientific committee engaged in settling this point, and until 
we have their recommendations we can only go on using the names given 
them in 1808 by Luke Howard, an English Quaker gentleman, whose portrait 
you will see in the Exhibition, and who in his daily business walks studied 
well the sky, until he was able to fj ame a list of names for the clouds, by 
which names they have since been known all over the world. 

But Mr. Symons, who is always unearthing some treasure, has called my 
attention to the work about the same time of Lamarck, who published in his 
Annmire UMorologique a very careful system of cloud names. 
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As early as the year 10 (not of our era, but of that of the first French 
Republic) he gave us a classified list of clouds. In the Annuaire for 1802 
he divides clouds into : — 
. Nauages en voile. The veil cloud, which answers to our haze or mist. 

Nouagea attroupes. The gathered up or assembled clouds, which corres- 
pond generally to our cumulus and strato-cumulus. 

His next class was that of Nonages pommeUe, or dappled clouds, which 
are now known as cumulus. 

He then describes Nonages en balayurea, the swept cloud, which he com- 
pares to the marking left in dust by the action of a broom. This is clearly 
our mare*s tail or cirrus cloud. 

Then come Nonages gronpes, or our cumulo-nimbus, the true thunder- 
cloud, which from a fiattish base rises to a great height in the air with the 
upper borders always clearly cut against the sky, and described by him as 
rounded, lobed, mammellated, and festooned. He further makes the obser- 
vation that the most rounded and clearly cut edges are always on the side 
towards the sun. He puts this down as a rule without any exception, 
and ascribes it to the impulses given by the sun*s light to the vesicles of 
water forming the cloud, on the shady side of which, he says, one may see 
torn edges and fissures which contrast with the close texture and sharp 
margin of the sunny side. 

He promised to embody all this in a book to be called ThSorie de V Atmo- 
sphere^ but I do not know if he ever did so. 

In the year 18 (of the French Republic) Lamarck had amplified his list to 
twelve classes of clouds, and his names may be freely translated as misty, 
bordered, veil-like, frame -like, inflated, barred, swept, dappled, gathered, 
racing, grouped, and thunder clouds. 

Each of these classes he splits up into from three to six varieties, for 
instance, the barred cloud he divides into confluent, isolated, obscure, undu- 
lating, and partially dappled clouds, showing he was a careful observer of the 
cirrus group. In all, he describes 81 difierent varieties under separate names. 
He then describes 8 kinds of fine weather skies, 6 of medium, and 12 of bad 
weather. The whole treatise is iDtoresting and well worthy of translation 
into English. 

In 1808 the Annuaire had begun to count the years in the usual way, and 
had dropped the names of the months Nivose, Pluvieuse, &c. for plain Jan- 
uary and February, but had adopted what he called " meteorological '* 
months as well as the usual ones. 

The names given to the clouds by our own Luke Howard are, however, 
those most in use not only in England bat in other countries.^ 

He called the lower clouds — almost resting on the earth, — Stratus, which 
we may for popular purposes call the sheet cloud. 

Then came Nimbus, which is a rain cloud, then Cumulus, which is the 
heaped up accumulated, or wool-pack-shaped cloud of our summer skies. 

Lastly the Cirrus, popularly known as the mare's tail cloud of eveiy day 
talk. 

^ Howard*! Classio Treatise has been recently reprinted in English by Dr. Hellmann. 
A. Asher A Go. Berlin, 1894. 
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and at 6 mfles distance appears a Tery different object. The small spotted, 
and minutely subdivided, shadowless cirrns clond is always high. Large 
doaik-like clonds belong to middle air. I am not taking the torn portions of 
the lower clonds, or the wrack, as it is called, into account, though these 
may be called small clouds also, bat they are easily known by their rapid 
movements. 

Another guide to the height is the apparent movement of the cloud; and 
as a general rule the quicker a cloud seems to move across the sky the 
lower it is. This is in accordance with the well-known sight seen from the 
window of a fast train rushing through a park -like country, where the nearer 
trees seem to gallop past at a furious rate, while the distant ones scarcely 
seem to move, or by contrast appear to be going in an opposite direction. 
As a matter of fact the upper clouds nearly always move much faster than 
the lower, and the speed of the upper air may often be very correctly esti- 
mated by watching the march of the cloud shadows over a tolerably level 
eountry. On February 2nd of this year (Candlemas Day), for instance, I 
noticed the cloud shadows coursing over Hampstead Heath at the rate of 
48 miles per hour, just about double the speed of the wind on the surface of 
the earth. 

The shape of the clouds, with their fronts well raised, like crests, showed, 
loo, that the higher currents were moving still faster, and it must be remem- 
bered that the cloud cannot move so fast as the wind which drives it. As 
this observation of cloud shadows was made on Candlemas Bay, when the 
Bun shone brightly, it enables me to give another blow to an old superstition ; 
for according to all weather wisdom, we should have had a second winter 
after that had happened. You all know how signally in tliis year the adage 
has £Euled. Old Candlemas or St. Valentine's Day was also sunny this year. 

The fifth point of attack in estimating the height of some clouds is their 
perspective effect. I may say that this observation applies more particu- 
larly to one form of cumulus cloud, which is often seen rolling up in 
successive waves or bars, and which has given it the name of Roll Cumulus, 

These are shown in the photograph by Mr. Davies, which I shall put 
before you ; but first I must ask you to consider a diagram showing the 
difference in the perspective effect of the wave-like clouds according as they 
are higher or lower in the air. 

Let the eye on Figs. 1 and 2 be that of a spectator looking at the sky 
through a plate of glass B C, and endeavouring to mark on the glass the 
places where he sees each wave of cloud. If the clouds are equidistant and 
low he will get the marks in the position shown in Fig. 1, J, where there is 
a rapid falling off in the spaces between the lines. 

In the second case, where the clouds are high, he will get his marks on the 
^ass plate more equidistant, as shown in Fig. 2, A, 

Bo that it may be said of waves of cloud as of those of water, that the 
nearer the point of view is to their level the larger do the nearer spaces 
appear in comparison to the distant ones. 

I show you actual photographs of these two characters of clouds, and I 
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will have one of them inverted in the lant^ni for the poipoae of ihoiring how 
near ie the resemblance between the waTSs of wat«r and those of air, for tf it 
were not for the ehip npeide down, yon might easily take the appearaoM of 
these cloads for breakers rolling in npon the shore. 




I have made a httle inHtrnment to aid in this mode of estimafiiig the alli- 
tnde of cloads ; it consists of an oblong frame with wires radiating from 
one comer, and with a bar, A, pivoted on the frame so as to croaa ths 
radiating wirea at any angle. (Fig. 8.) 





The instniment is 80 held between the eye and the olonds that the bar A 
seems to cat the wires in the same proportion as it does the horizontal cload 
lines seen beyond. The bar A is always to be vertical. The position of A 
npon the frame indicates the height of the clond series above the earth, which 
height woald be infinite if the bar were parallel with the top of the frame and 
infinitely low when the bar is at right angles to the first position, and where 
the obaerrer would be actmiUy in the olond. 
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Of conree it would apply to any eqaldistant bodies, such as trees or houses 
seen through it, and would give approximately the spectator's position with 
respect to them. I may say that every alternate wire or every alternate 
cloud may be taken if more convenient. It is also obvious that the same 
series of clouds seen from tbe earth, and again seen from the top of a very 
high tower, would require different positions of the bar to correspond with the 
effects seen from these different points of view. 

The sixth way of forming a judgment of the cloud heights is also of 
limited application, but is of much greater accuracy, and it consists of observ- 
ing for how long a time the cloud remains directly illuminated after sunset. 
In other words, how long a time elapses between sunset on the earth and 
sunset on the cloud. I must again ask you to look at a diagram (Fig. 4), 
only promising you that I will show you afterwards some of Nature's own work 
in the way of cloud pictures. 

Let the circle be the earth supposed to be seen from a point above the 

North Pole. The arrow shows the way the earth is turning round from west 

to east at the rate of 15° per hour. 

8 is the direction of the sun, which is of 

c * 
course just setting at A. When the earth jp^ 

has turned through 16°, so as to bring A to y^\ 

D, then a cloud would have to be as high / \ 

as C to catch the sun's rays. / ^ 

I have exaggerated the angle to make | 
the principle clearer. \ ric 4 / 

^ jV is the earth's radius, say 4,000 miles \ / 

in round numbers, and C 2>, the height X^ y^ 

sought, is found to be the difference be- ^**^-— ---'^^ 

tween what is called the secant of the angle (15° in this case) and the earth's 
radius multiplied by the said secant. 

This is all plain sailing for the mathematician, as he has tables of these 
secants for every possible angle. In the case I have imagined the spectator 
is supposed to be on the equator, the sun's declination is zero, and the cloud 
is in the zenith, but it may be anywhere on a meridian. For other latitudes 
and seasons the case is more complicated, but I may say that under the eon- 
ditions named, if a cloud caught the sun's rays 1 hour after sunset it would 
have to be 140 miles from the earth's surface, while if it could be conceived 
to be visible so long as 4 hours (during which the earth would have turned 
through an angle of 60°, the cloud or object would have to be 4,000 miles 
removed from the surface, because the secant of 60° is just double the 
radius. I found after working out this method that it had been previously 
applied by our esteemed Fellow, Prof. Archibald, in calculating the height of 
the zone of volcanic dust with which the volcano Erakatoa encircled the 
earth in 1888. Prof. Archibald, in the Report to the Royal Society, gives 
the whole formula, and I find that an American observer at Potosi has also 
used it in estimating the height of a particular group of clouds, and which 
he found to be 10 miles above the snrCace of the eaith. 
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I commend this to our merchant captains, who may find themselves becalmed 
in the doldrums, as they will there be nnder very favonrable conditions for mak- 
ing the observations, which are very simple, and can be worked out at leifiore ; 
for the place of the ship, the date, and the moment of the disappearance of 
the snn*s light from the cloud, are all the particulars necessary to note at the 
time. Full tables may perhaps be forthcoming to assist in this calculation. 
Mr. Wingfield, an Australian observer, has proposed to estimate the cloud 
heights from the position of their shadows'; but this method, though 
ingenious, is, I am afraid, impracticable on account of the difficulty of 
identifying at a distance the shadow of any particular cloud, abo that the 
thickness of the cloud causes its distant shadow to be very different in pro- 
portions from the observer's view of the cloud itself. 

Now all these methods come under the description of rough and ready 
rules ; but the plan of taking the altitudes of clouds by the usual processes 
of trigonometrical surveying ought to be considered, but I can do no more 
than mention the general scheme, and give an illustration of perhaps the 
simplest possible case. 

It is well known that if two angles and a side of any triangle are known, 
aU the other measures of the triangle can be calculated, and it follows that if 
from the ends of an accurately measured base line on the ground two oh- 
servers take simultaneously the angle which a line to the cloud forms with 
the base, then it is only a matter of calculation to compute the cloud's 
height. 

If there should be one person present to whom this is not clear, I will put a 
more simple case, which might occur in estimating the height of a balloon (I 
take this because it is a more dofinite object than a cloud, but the principle 
is the same). 

Let B (Fig. 5) be a balloon, which at a given time is 

vertically over some object, such as a church spire, C, and 

an observer at A is noting at the same time that a line to 

the balloon makes an angle of 45° (or half a right angle) 

with the ground. ABC then is half of a square divided 

diagonally, and therefore, as all the sides of a square are 

equal, B 0, the balloon's height, is equal to the distance 

nc 5 AC measured on the ground or on a map. 

The merest guess at the height of a cloud from which rain is falling may 

be given by taking note of the size and speed of rain drops, and it is a 

common observation (how true I do not know) that when rain drops fiall into 

water and throw up bubbles, the rain is likely to last a long time. 

The cloud velocities at high altitudes have been carefully noted at the 
Blue Hill Observatory, near Boston, U.S., and show practically that at about 
5 miles height the movement is three times as fast in summer and six times 
in winter, as compared with the currents on the earth's surface. In a new 
work by Prof. W. M. Davis, called Elementary Meteorology , there are many 
interesting facts about the speed of the wind at various altitudes. The rule 
deems to be that the higher the level the faster the movement| bni iUurre 
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mnst, of conrse, be a level of maximnm speeil, thoug'i the position of this is 
Dot yet ascertained exactly. 

I show yon some pictures of stratus clouds, which must be regarded as the 
infant form of cloud hovering near its parent earth or sea. Sometimes 
it may be watched on a fine evening in summer melting away into the 
air like ice in water. The rate of disappearance is almost incredibly 
rapid, whole acres vanishing in a minute of time. In these cases the 
edges become smoother, and the fish-like shape of the cloud becomes 
apparent, and generally the rounded side is below and the flattest above. 

As to the cumulus, or what may be called the adult form of cloud, I have 
already mentioned something about it in speaking of cloud heights, but the 
photographs, of -which there are a great many, and generally very beautiful 
examples, will show you more than any verbal description. 

There is one picture of what at first sight seems a cumulus cloud nestling 
under the falls of Niagara, but this is really a mass of ice constantly augmented 
by the freezing of the spray from the cataract. It is a fossil cloud, as it were, 
showing the lines and contours of its prototypes, which are floating in the 
air. It will be observed that this frozen cumulus grows by additions to its 
appor side. 

Now the cirrus clouds, of which it is more difficult to give you any perfect 
examples on account of the difficulty of photographing them, may be con- 
sidered as clouds in old age, and which have passed through the previous 
infantile and adult conditions I have already named. They are to all appear- 
ance moving much more slowly than other clouds, but i^is is only a decep- 
tion which arises from their distance from the observer, they really move 
faster than the lower clouds. It is almost proved that they consist entirely 
of fine crystals of ice, because of the great cold at their altitude, which would 
not allow of the existence of vapour there. Then their eflects in causing 
haloB correspond with the known optic^ properties of ice, and in addition to 
these considerations, aeronauts have several times, when at great heights in 
the air, passed into cloudy masses of fine spicular ice. 

Though cirrus clouds are generally relics and vestiges of other clouds, yet 
on their descent they have been observed to become centres of condensation 
and have again grown into the lower forms of cloud, and it is reasonable to 
Buppose that the fine rain into which they would dissolve may sometimes be 
converted again into cloud before it has time to reach the earth. They 
seem, according to the Hon. Ralph Abercromby, to be found in all parts of 
the world, and it is, therefore, to be expected that those seen in the tropics 
are at a greater height than their polar cousins, also that they are more apt 
to form in cold nights after hot days, but as they are mostly invisible at 
night one cannot be certain if this is the case. It has not been my fortune 
to see cirruB clouds changing into any] of the lower forms, but I have at 
laoset seen murky patches of lower clouds arrested under them and evidentiy 
ready to coalesce. 

Oirms clouds and their cirro-comolus (mackerel sky) neighbours may 
ooeapy Beveral layers of the atmosphere and move in different directions at 
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varioas heights, and I exhibit to jou a photograph of several strata of cloads 
one above another. Sometimes ice or snow particles will drop from the 
uppermost and pass through the whole scries, getting successive coatings of 
ice vaminh as they pass downward until they arrive on the earth in the form 
of enormous hailstones, the photographs of some of which I show you. 
This is without supposing the hail stones to make loops in their course and 
rise again into the clouds even more than once, a thing we know to be pos- 
sible, from the effects of tornados which sometimes carry still heavier objects 
into the air. But all this is carefully gone into by the Hon. EoUo Russell 
in his excellent monograph On Hail. The same author has given us some 
valuable rules respecting cirrus clouds, and I only regret that he has not 
secured photographs of some of tbe quaint forms he so well decribes. 

He has mentioned auroral cirrus, filmy cirrus, sheet or pallio cirrus, tufted 
or shower cirrus, fish bone or vertebrate cirrus, as well as radial, curdled, 
barred, and ribbed cirrus, but he does not propose these as names for 
adoption but only adjectives chosen by himself, for purposes of description. 
The Bev. W. Clement Ley has also given new names to many varieties 
of the cirrus clouds, but we hope to some day see all his results in his great 
work on the subject. Mr. Gaster is also studying this subject. 

With regard to some other matters concerning the higher air, one cannot 
avoid a few words of reference to what are known as the aurorsB borealis 
or australis, literally the northern or southern dawns, as they were named by 
Gassendi, who acted as their godfather. They are sometimes seen in these 
latitudes, but never in the degree of splendour with which they paint the skies 
of polar regions. Professor Lemstrom, of Helsingfors, has given to the world, 
in his truly noble book on the subject, all that is certainly known of the 
phenomena, and he has added to his description a great many very striking 
drawings, two of which I can show you ; but they are seen at once when 
magnified on the screen to want the finish and perfection of photographs. 
Professor Lemstrom not only studied the aurorae in the sky, but he actually 
produced a similar effect by an arrangement of rods and wires which sent long 
beams of naturally produced electricity into the air, closely imitating the real 
phenomena in kind if not in magnitude. Columns of light ascended from 
his apparatus more than 100 yards into the air. 

The auroral displays of greatest brilliance occur at intervals more or less 
regular, corresponding with the periods of greatest magnetic disturbance, 
which in their turn appear in sympathy with the greatest number of spots 
which are seen upon the sun. 

The height of the auroral display above the earth is found by Dr. Paulsen 
to range between 61 metres and about 67 kilometres, or, say, 41 miles, well 
within the limits of the atmosphere, though apparently the fiery trains never 
seem to reach the surface of the earth, and they have been observed lower in 
elevation the further north they have been met with. 

Some of the auroral drawings give the notion of hosts of spear- armed 
warriors, and remind one of the passage in Juhus Caesar, where Calphumia 
says she has seen — 
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'* Fierce fiery warriors fight upon the clouds 

" In ranks and squadrons and right form of war/* or again in the same 

play, when 
'' Exhalations whizzing in the air " are mentioned. 

With the researches of Prof. Dcwar hefore us on the liquefaction of the 
air, we can scarcely refrain from speculating as to what would he the electric 
efi<bct if the upper air in Polar regions should actually liquefy and descend in a 
sort of cascade to he reconverted into air before it reached the earth. We are 
told that the cold measured on the surface sometimes descends in high lati- 
tudes to as low as — 60^ Centigrade, and it is not difficult to imagine that a 
few miles from the surface the temperature might sink another 120°, and 
that we sliould so obtain the conditions for converting the higher zones of air 
into a liquid. In a recent auroral display several observers remarked trans- 
vei*se patches like cirrus clouds crossing the general lines of the discharge. 

Although not strictly a phenomenon of the upper air, I have the pleasure 
to show you a picture of a rainbow as photographed successfully by Col. 
Saunders, of Cheltenham. It will be seen that the space inside the bow is 
much more brightly illuminated than that outside, and the same thing is 
shown in a photograph by the Rev. F. C. Lambert, which you will see upon the 
walls. Regarding rainbows I may say that, under favourable conditions, tliey 
may be sometimes seen very near to noon, and I have seen one in Spain as 
late as 11.80 a.m. For this you require a mountain background to the north, 
and you may then get a low outer bow shown against the grey hills behind. 
This is, no doubt, (as Mr. C. L. Prince has pointed out) the rainbow at midday 
alluded to by Seneca, and which expression has been erroneoasly translated 
as a rainbow in the south. 

There is also a photograph showing the corona round the sun, and Mr. 
A. Stroh is to be congratulated in having so well succeeded in depicting this 
beaatifol effect. 

For all these photographic illustrations we are grateful to those who have 
so successfully overcome the difficulties and have favoured ns by lending 
their hard- won results. 

To Professor Riggenbach, Mr. Cohen, Mr. Clayden, Mr. Davis, Mr. Stroh, 
Mr. Birt Acres, Mr Charters White, Col. Saunders, Admiral Maclear, Mr. 
Hussey, Mr. Hall, and to the Sciopticon Company we give oar very best 
thanks. 

I have to conclude by making a practical suggestion, and to urge the 
desirability of establishing somewhere in these islands a good cloud observa- 
tory. The times are ripe for such an institution, which need not be for a 
permanence, but which could do a great deal towards fixing our knowledge of 
the clouds and upper air currents, say in 10 years, or in even half that period. 
The photographic facilities are now complete, the difficulties have prac- 
tically vanished, and we have lenses which will command a quarter of the 
visible sky, we have plates which are specially sensitive to the red rays of 
the epeotmm, and screens or mirrors which will filter off the too active blue- 
violet rayS| and depict the most delicate markings even against a bright sky. 
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Piotures may be taken in the most rapid succession by merely touching d 
trigger, and results can be printed as permanently as any document, legal or 
otherwise, which emanates from the press. We only want a suitable tower 
giving us a free horizon, and the benefactor to bear the expense. 

The modest funds at the disposal of this Society would not enable us, 
unassisted, to undertake the inquiry, and one can only hope for some liberal 
augmentation to our re<4earch fund, founded by Dr. Williams, my predecessor, 
to help us on in this or other directions. Other nations are doing so much 
that England ought not to be behind. 

This Society is not so much concerned with the bare utility of Meteorology 
as with making large additions to human knowledge in a skyward direction. 
We are encouraged in our pursuit, however, by the results which sometimes 
happen, even in a commercial sense, and M. de Parville, a French aothor, 
has estimated the saving to British navigation alone as 10 millions sterling 
per year resultiug from the better knowledge of the course of winds and 
currents, which first became available after the publication of Maury's 
famous charts. It used, he says, to take 250 days to sail to Sydney and 
back from this country, and it can now be done in half the time. 

Just as the Greek or Egyptian geometer, who first busied himself with the 
various properties of conic sections, could never have dreamed that long 
ages afterwards mirrors would have been constructed on his rules, which 
from lighthouses on every coast would flash a warning light over the ocean 
and be a boon and a blessing to the navigators of all future time — so in 
some measure is it with the study of the air, we go on feeling its pulses, 
examining its properties, and analysing its constitution, not merely with the 
hope of being able to reduce what seem to be its whims and caprices to an 
orderly sequence, and so to bind it to the service of man, but with the 
satisfaction which all civilised beings must feel in extending human inquiries 
further and further beyond the bounds of the known, into the vaster regions 
of the yet unlearnt. 
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LUKE HOWARD, F.R.8. 

(Frontispiece.) 



As the subject selected for this year's Exhibition of the Koyal Meteoro- 
logical Society was ** Clouds : their Representation and Measarement," it has 
been thought desirable that a portrait of Luke Howard, F.R.S. — who may 
almost be termed the father of English meteorology, and who was the 
author of Howard's cloud nomenclature — should be giren in the Quarterly 
Journal along with the Catalogue of the Exhibition. 

The portrait in the Frontispiece has been taken from a crayon drawing 
made by Bedford about 1848, and now in the possession of Mr. W. Dillworth 
Howard, F.R.Met.Soc. 

The following biographical notice has been taken from the Proceedings of 
the Boyal Society, Vol. XTV. :— 

Luke Howabd was bom in London in 1772, a date which carries us back 
to the early years of the reign of George III., and opens a long vista of 
history in which great political changes are rivalled by the grandest dis- 
eoveries of modem science. 

Luke Howard*s parents, members of the Society of Friends, sent their 
son to a country school in North Oxfordshire, where, as he was accustomed 
to say in after life, *' he learnt too much of Latin grammar and too Httle of 
anything else." But having even then an observing eye, be began to notice 
the appearances of the sky and forms of clouds ; and his inclination towards 
meteorology appears to have been fixed by his impressions of the remarkable 
atmospheric and meteoric phenomena which, as those acquainted with the 
history of meteorology will remember, characterised the year 1788. 

From school young Howard went as apprentice to a chemist at Stockport, 
which was then a quiet country town. In this situation he devoted his spare 
hours to the course of self-improvement which he had already begun, and 
acquired that knowledge of French, botany, and the principles of chemistry 
which was so useful to him in after years. The quickening effect produced 
on his mind by the works of Lavoisier he described as '' like sunrise after 
morning moonlight," an effect which has been felt by many a student. 

In 1798 he entered into partnership with William Allen, whose reputation 
as a manufacturing chemist has long been recognised. This connection, how- 
ever, was brought to an amicable close a few years later, and Howard, taking 
as his portion the laboratory at Plaistow, applied himself to the business 
therewith connected, and to his favourite scientific pursuits. Making use of 
his observations of natural phenomena, he wrote a paper On the Modificatiom 
of Clouds, and read it at a meeting of the Askesian Society, of which he and 
his firiend Allen were members. This paper, as he himself tells us, '* the 
result of bis early boyish musings, enriched by the observations of many a 
walk or ride, morning and evening, to or from his day's work at the labora- 
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tory/' was published in 1808, and made known the author's name and abiliiy 
to a wider circle. The Askesian was not a publishing Society ; otherwise 
Luke Howard might have been better known than he is as a pioneer in 
departments of science besides meteorology. '' I know/' writes one of his 
friends, ** that one or more of his papers related to atmospheric electricity, 
and another was an anticipation of the cell theory, as regards the structure 
and functions of plants, founded on microscopic investigations." 

Many, if not all, the articles on meteorology in Bees's Cyelopadia were 
written by Luke Howard. He contributed a series of papers to the Athenaum 
embodying the results of his meteorological observations from the year 1806 ; 
and these he published in two volumes (1818-20), under the title Climate qf 
London deduced from Meteorological Observations made in the neighbourhood. 
This, republished in 1888, in three volumes, has become one of our standard 
works on meteorology. 

Luke Howard was elected a Fellow of the Royal Society in 1821. From 
that time his reputation as a meteorologist increased, and eminent persons 
in many parts of the world opened a correspondence with him, which, in 
some instances, became the initiation of a lasting friendship. Although the 
increased perfection of philosophical apparatus has superseded some of his 
methods of observation, there can be no doubt that his labours imparted more 
of scientific character to meteorology than it had ever received before. His 
classification of clouds is the one still recognised at all observatories,^ and 
remains an evidence of the quick eye he had for form and colour, and of the 
daily labour which was to him a labour of love. One who knew him well in 
the latter part of his life says, " Those who lived with him will not soon 
forget his interest in the appearance of the sky. Whether at morning, noon, 
or night, he would go out to look around on the heavens, and notice the 
changes going on. His intelligent remarks and pictorial descriptions gave a 
character to the scene never before realised by some. A beautiful sunset was 
a real and intense delight to him ; he would stand at the window, change his 
position, go out of doors, and watch it to the last lingering ray ; and long 
after he ceased, from failing memory, to name the * cirrus,' or ' cumulus,' he 
would derive a mental feast from the gaze, and seem to recognise old friends 
in their outlines." 

Sharing in the active beneficence of the Society of Friends, Luke Howard 
readily aided endeavours for the religious and moral as well as the material 
welfare of the community. Not least important among these was the seeking 
to mitigate by pecuniary means the sufferings of the Germans during the 
campaigns immediately preceding the first abdication of Napoleon. Li 
Ackworth school — a well known establishment of the Friends — ^he took a 
lively interest ; and to participate the more directly therein, as well as to 
offer hospitality to the annual visitors to the school, he bought Ackworth 
Villa estate in 1828, making it his summer residence, and Tottenham his 
winter residence, during the greater part of his life. 

In 1796 Luke Howard married Mariabella Eliot, a member of the same 

1 Written in 1864. 
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Soeieiy with which he was himself connected. Of their family of seven 
ehQdren two sons only sarvived their parents. About his eightieth year he 
was much enfeebled by alarming attacks of iUness ; and the death of his wife 
following, after a nnion of fifty-six years, added sorrow to his weakness. 
Henceforward his life was a snbdned waiting for the end. He died at 
Tottenham on the 21st March 1864. 

Besides the works above mentioned he published — 

Essay on the Modifications of Clouds, 1882 ; 

Sevsn Lectures on Meteorology, 1887 ; 

A Cycle of eighteen years in the Seasons of Britain, dc, 1842 ; 

Barometrographia — Twenty years' variation of the Barometer in the Climate 
(tf Britain, 1847 ; 

Papers on Meteorology, 1850-54 ; and 

The Yorkshireman, a religious and literary Periodical in 5 Vols., 1888-87. 



CLOUDS : 
THEIR REPRESENTATION AND MEASUREMENT. 



Catalogue of tbe Fonrteenth Exbibition of Instniments, 

Held, by permission of the Council of the Institution of Civil Engineers, at 

25 Great George Street, Westminster, S.W. 

APBIL 10th to 20th, 1894. 



INSTBTTHENTS FOB ASCERTAINING THE DIBECTION AND 

HEIGHT OF CLOUDS. 

1. Goddard*8 Cloud Mirror. Exkihiud by F. C. Bayard, F.R.Met.Soc. 

2. Cloud Mirror. Exhibited by L. P. Casella, F.R.Met.Soc. 

3. Circular Cloud Mirror. Exhibited by L. P. Casella, F.R.Met.Soc. 

4. Fineman'8 Nephoscope. This consists of a tnpod standing on levelling 

screws, bearing a compass needle in a circular brass frame moveable 
round a vertical axis. The lid of the compass case is formed of a 
mirror of black glass provided with a small circular window of clear 
glass through which the point of the needle is observed. The mirror 
bears on its surface radial lines for the principal points of the com- 
pass, and three circles distant (26*8 mm.) from each other. At the 
extremity of the diameter passing through the window, and opposite to 
it, is a vertical graduated scale moved by a ratchet wheel and milled 
head screw. The scale is raised or lowered till the image of a cloud 
seen at the centre of the mirror exactly coincides with the end of a 
line passing from the observer's eye throush the point of the scale to 
the centre of the mirror. Exhibited by the M eteorolooical Council. 
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5. Nepkofloope devised by Lient-Oen. B. Straehey, fjRM. ThU eoniiste 

of a circular mirror enclosed in a brass frame whioh is marked for 
eight points and for every 10°. Parallel lines distant 0*4 in. apart 
are ruled across the mirror, which is moveable round a vertical axis. 
Levelling screws are fitted to the instrument. 

Exhibited by the Mbteobological Couhcil. 

6. Nephoscope devised by Mr. F. Oalton, 7.B.S. This consists of a ctrcnlsr 

brass frame standing on levelling screws. The bevelled edge is marked 
to eight points, and graduated to 10°. On this frame and moveable 
about a vertical axis is a mirror, and above it, moving with it, is a 
rectangular frame with five horizontal rods. The images of these 
horizontal lines can be brought into parallelism with the direction of 
motion of a cloud. Exhibited by the Meteorgloqical Council. 

7. Photo-Nephograph designed by Capt Abney, F.R.a.y for the regis- 

tration of the velocity and direction of motion of Cloada. (See 

Reports of the Meteorological Council for the years 1879 and 1881.) 

Exhibited by tlie M ETEOROLOaiCAL COUNCIL. 

8. Model showing manner in which the pair of Photo-Nephographs are 

mounted for use. Exhibited by the METEOROLOGICAL Council. 

9. Camera for photographing Clouds and Lightning, with a mirror of 

black glass attached. Exhibited by A. W. Clatden, F.R.Met.Soc. 

10. Photographic Theodolite for measuring the height of Clouds. 

Exhibited by MM. L. Teisserenc de Bort and G. Raymond. 

11. Slide Rule devised by Lieut-Gen. Strachey, F.R.S., to facilitate the 

computation of Cloud heights and distances. This scale is con- 
structed for use with measurements of the azimuth and zenith distances 
of clouds made from either end of the base of 2,400 feet. It consists of 
four scales, the upper being that of log. sines, and the lowest that of log. 
numbers, the log. of 2,400 ft. coinciding with log. sin 90°. The upper slide 
is graduated with log. sines of small angles on the same scale, and has two 
index marks, one at ©"SlI^S", the log. sin of which is 8*00000, and the other 
at 6°44'21", the log. sin of which is 9*00000. The lower slide is gradu- 
ated with log. tangents Z, the scale corresponding to that of the sines. 
To use the rule the index of the upper slide is set to the anele A on 
the upper scale ; the index of the lower slide is then set to the angle 
A-B on the upper slide, and b(^low it on the lower fixed scale will be 
found the distance in feet, while below the angle Z upon the lower 
slide will be found the height of the cloud in feet. 

Exhibited by the Meteorological Council. 

12. Instrument designed by Sir G. G. Stokes, Bart, F.KS., for determining 

the height, and rate, and direction of motion, of Clouds firom 

photographs. Photographs of a cloud are taken simultaneously by 
two cameras placed at either end of a measured base, a second set 
being taken after a given interval, say of 1 or 2 minutes. A print of 
one of the four negatives thus obtained is placed upon a sheet of paper, 
upon which cross lines have been ruled to allow of the picture being 
properly adjusted, and with a needle a prick is made through the posi- 
tion of the point of the cloud which has been selected for measurement : 
this process is repeated for each of the remaining pictures of the set. 
The sheet of paper, which now contains four holes, is placed over the 
souare aperture in the diaphragm of the instrument, which is fixed at a 
distance from the lens at the end equal to the focal length of the 
camera lens. Another sheet of paper is then placed on the moveable 
board beyond the diaphragm which, by means of the divided arc at- 
tached to it, is set to the zenith distance of the cameras at the time the 
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photographs were taken. The instrument being now placed so that a 
strong light is allowed to pass through the lens on to the diaphragm, 
four spots of light will be formed upon the paper on the board, which 
being loined will form a parallelogram, two opposite sides of which will 
give the drift of the cloud on the same scale as the other two sides 
represent the distance between the two cameras. The direction of the 
drift is readily obtained from the position of the one pair of sides 
relatively to the other, the latter being parallel to the measured base, 
the beanngs of which are of course known. The product of the distance 
£rom the lens to the board and the length of the measured base in feet, 
divided by the length of the side of the parallelogram parallel to the 
base, gives at once the height of the cloud in feet. 

Kchibited by the Mbteoroloqical Ck)nNClL. 

13. Apparatus for ascertaining the height^ and direction^ and rate of 
motion of Clonds flrom photographs; devised by the late G. M. 

Whipple^ B.8e. In this case simultaneous photographs of a eloud are 

taken by two cameras at either end of a measured base, and fixed in 
such a way that their optical axes point to the zenith. The dark slides 
of the cameras carry a pair of fiaucial lines at right angles to each 
other, and adjusted so that one of the lines shall be paridlel to the 
measured base, and these lines are reproduced upon the cloud photo- 
graphs. The two negatives are superimposed in the sliding frames of 
the apparatus, which are then moved till the images of the cloud 
exactly coincide, when the parallax will be given by a line joining the 
intersections of the fiducial lines. The parallax having been 
measured by a pair of compasses, the height of the cloud can be at 
once determined by means of the curve A (exhibited No. 107). A 
similar operation is then performed with one of the same negatives, 
and a second taken in the same camera after the lapse of, say, one 
minute. The pictures having been made to coincide as before, the dis- 
tance between the intersections of the fiducial lines will now indicate 
the drift of the cloud. The direction of the drift is indicated by the 
position of the line joining the two intersections relatively to the 
fiducial line parallel to the base. The velocity of the drift, or in other 
words the rate of motion of the cloud, is found graphically by means 
of the diagram B exhibited. 

Exhibited by the Meteorological Council. 

U. Appliance fbr estimating the height of Clouds of the Boll Cnmnlus 
type by means of their perspective effect 

Exhibited by R. Inwards, Pres.R.MetSoc. 



THERMOHETERa 



15. Hypeometer for meaanring mountain heights by the temperature of 

the vapour of boiling water. Exhibited by L. P. Casella, F.R.Met.Soc. 

16. Thermometer for Balloon observations. A mercurial thermometer with 

very long cylindrical bulb in mahogany frame. 

Exhibited by the METEOROLOGICAL COUNCIL. 

17. Alarm Thermometer by MM. Richard Frdres. This consists of a flat 

but slightly curved tube filled with liquid, the bottom end of which is 
fixed. To the upper end is attached a rod which moves an index hand 
in front of a dial, thus indicating the temperature. There are also two 
adjustable indices which can be set to any desired temperatures, so that 
when the indicating hand touches these, electric contact is made and a 
bell set ringing. Exhibited by L. P. Casella, F.R.Met.Soc. 
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HTGBOMETEaS, EVAPORATORS, fte. 

Id. Dew Point Calculator. This consists of a dry and wet balb thermometer, 
to each of which is attached a fixed and adjustable index connected with 
a pointer for showing on an adjoining scale the temperature of the dew 
point. Exhibited by J. F. Spong, M.R.C.S. 

19. Inverted Tnbe Hygrometer. This arrangement dispenses with the water 

vessel beneath the wet bulb thermometer ; and also registers the amount 
evaporated from the surface of the bulb, from which the amount of 
evaporation per square foot for small surfaces can be obtained. 

Exhibited by H. Hainsby. 

20. Vapour Condenser. This indicates the hygrometric condition of the air 

by the amount of condensation of vapour on the surface of the plate at 
the time of observation ; also the probable rainfall for the following 
24 hours, the face of the plate becoming wet in proportion to the amount 
of moisture prevailing at the time. Exhibited by H. Hainsby. 

21. Compensating Siphon Evaporator for large water surfieu^s. This 

apparatus being connected by a pipe with any sized tank desired, enables 
an observer to see by the sipnon gauge the rate of evaporation from the 
large tank, and also the amount of evaporation, without any alteration 
in the volume of water in the tank. It can also be used as a rain gauge 
on a large scale if required. Exhibited by H. Hainsby. 

22. Louvred Class Evaporator. This evaporator is constructed entirely of 

glass, in order to permit access of the sun*s rays to influence the 
evaporation of the water contained therein. It is surmounted by a 
louvred glass hood to protect the water from rain, birds, &c., but this 
allows the free circulation of air through it. The contents can be 
measured by the usual means. 

Exhibited by Dr. W. G. Black, F.R.Met.Soc. 



MARINE INSTRUMENTS. 

23. Model of Bottle for collecting samples of sea water £rom moderate 

depths. This instrument is intended for use where the sea-disturbance 
is so great as to make the action of slip water bottles uncertain. At 
either end of the cylindrical bottle is a tap, tubes from which terminate 
close together above the bottle, pointing upwards. The taps are closed 
by extending a spring and hooking the upper rod to the catch, and the 
instrument is let down to the required depth. A *^ Rung" messenger 
sent down the line relieves the catch and opens both taps, admitting 
water and allowing air to escape. As the two tubes are in the same 
horizontal plane there is no tendency for the water to change while the 
bottle is brought to the surface. 

Exhibited by H. N. DiCKSON, F.R.Met.Soc. 

24. Keating's Hydrometer. Exhibited by J. J. Hicks, F.R.Met.Soc. 



ANEMOMETERS. 



25. Dines's Pressure Tube Anemometer. Recording pattern . (See Quarierh 

Journal, Vol. XVIII. p. 166). ^ 

Exhibited by R. W. MuNRO, F.R.Met.Soc. 

26. Dines's Pressure Tnbe Anemometer^ indicating the velocity at si^ht 

and also registering the maximum. (See Quarterly Journal, Vol. 
XIX. p. 16). Exhibited by R. W. Munro, F.R.Met.Soc. 
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27. Dines^s Pressure and Velocity Oauge for use with the Tube Anemo- 

meters. The instrument shows on the scale the greatest velocity that 
has occurred since it was last set by means of the level of the water 
in the plass tube. It is set by removing the plug and pouring water 
into the funnel at the top until the water begins to flow from the open- 
ing at the side. The plug is then replaced, and the quantity of water 
forced out by the wind leaves a record of the maximum force that has 
occurred. Exhibited by R. W. Monro, F.R.Met.Soc. 

28. Capell-Davis Anemometer for ascertaining velocities over 30 ft. per 

second. This instrument is designed to test such high velocities as 
would endanger the Biram or Davis's self-timing Anemometer. The 
instrument is 4 ins. in diameter and reads to ten million feet. 

Exhibited by Messrs. John Davis & Son. 



TBAVBLLEB8' INSTRUMENTS. 

29. Goad's Geodetic Altazimuth. This is an adaptation of the Galton 
Pocket Altazimuth for use as a hand instrument in exploring work, as 
well as for surveys requiring the greatest precision either on the sur- 
face or in mines and other workings. In this instrument the compass 
box is so connected to the clinometer drum that it can either be folded 
flat against the end of the same, or turned to a position in which the 
axis of the compass is so mounted that it may be rotated about the 
axis of the clinometer, a circle graduated to coiTcspond to the clino- 
meter scale being provided to enable the compass to be adjusted to a 
horizontal position by reference to the reading of the clinometer. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

50. Universal Sun Dial for any position north or south of the equator with 
2J in. divided circle. Exhibited by L. P. Casella, F.R.Met.Soc. 

31. Artificial Horizon of parallel black glass, with level and adjusting screws. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

32. Artificial Horizon, mounted on gimbals. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

33. Hicks's Circular Level| with the fluid hermetically sealed. 

Exhibited by J. J. HiCKS, F.R.Met Soc. 



BABOMfiTESS. 



84. Bartrum's Open Scale Barometer. Exhibited by J. J. Hicks, F.R.Met.Soc. 
35. Calendar's Compensating Open Scale Barometer. 

Exhibited by J. J. HiCKS, F.R.Met.Soc. 



SKETCHES AND PHOTOORAPHS OP CLOUDS. 

36. Portrait of Lnke Howard, P.R.S. Bom November 28th, 1772 ; died 

March 21st, 1864. Drawn by Bedford about 1843. (See frontispiece.) 

Exhibited by W. D. HOWARD, F.R.Met.Soc. 

37. donds gathering for a Thnnderstorm. An original sketch by the late 

Luke Howard, P.R.S. " A sky full of specimens of the peculiar forms 
assumed by the clouds when gathering for a thunderstorm. (The dense 
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clouds iu front, though characteristic as forms, are not enough shrouded 
in a gloomy distance.) The Nimbus behind, on the 1^ ii better 
placed, and shows crossed, as is at times the case, bj a dense cirro- 
stratus. The Cirro-cumulus, next above, is highly ^characteristic in its 
structure ; and the large dense Cirrus above belongs equally to approach- 
ing thunder. March 1849.*' ExhibiUd by W. D. Uowakd, FJLMetSoe. 

38. The Commencement of a StratOB. An original sketch by the late Luke 

Howard, F.R.S. ** This picture presents, mixed with the objects common 
to a landscape, the commencement of a Stratus, or evening mist, creep- 
ing, as it rises, through the valley, to become shortly a dense body of 
cloud, resting witli a lever surface on the ground like a lake of water ; 
and possibly, on the morrow, covering the country with a fog. Above, 
in the blue sky, are features of Cirrus. March 1840." 

ExhibOed by W. D. Howard, F.R.Met,Soc. 

39. Bough Models illustrating the Fonns of Clouds. 

Exhibited by F. Gaster, F.R.MetSoc 

40. Cloud Fliotographs taken by Mons. Paul Ghtrnier at the Obaervatory, 

Boulogne-Bur-Seine, 1889. 

Exhibited by the Royal Meteorological Society. 

41. Cloud Photographs taken at the Santis Observatory* Switserland. 

Exhibited by Prof. A. Riggenbach-Borckhardt. 

42. Thunder Clouds, August 1st, 1890, taken from the Santis Observa- 

tory, Switzerland. (See Meteoroloyische Zeitschrift, Band 8, 1891, 
p. 96.) Exhibited by Prof. A. Riggenbach-Burckhardt. 

43. Thunderstorm at Sydney, May 31st, 1892. A series of six photographs 

taken by Mr. H. C. Russell, F.R.S., between 3.0 and 4.59 p.m. 

Exhibited by the Royal Meteorological Society. 

44. Festooned Cumulus. Two photographs showing part of a storm cloud 

which passed over Sydney, New South Wales, January 18th, 1893. 

Exhibited by the Royal Meteorological Society. 

45. Clouds preceding a " Southerly Burster ** at Sydney, New South Wales, 

November 13th, 1893, 6 p.m. Exhibited by O. C. Russell, F.R.S. 

46. The Cloud-Roll of the "Southerly Burster" at Sydney, New South 

Wales, November 13th, 1893, 7 p.m. Exhibited by H. C. Russell, F.R.S. 

47. Cloud Photographs. ExlUbHed by Dr. F. G. Smart, F.R.Met.Soc. 

48. Cloud Photographs taken at Paris. Exhibited by Mons. A. Angot. 

49. Thunder Clouds. Taken by Dr. F. Drewitt in Northamptonshire, July 

1887. Exhibited by the Royal Meteorological Society. 

50. Tornado Cloud, Jamestown, Dakota, June 6th, 1887. Two photo- 
graphs. The cloud funnel was 12 miles to the north. 

Exhibited ly the Royal Meteorological Society. 

61. Tornado Cloud. Taken in the storm of June 22nd, 1888, showing the 
spiral-shaped funnel trailing at a considerable altitude in the air at the 
other side of a lake, New Hampshire, U.S. 

Exhibited by the Royal Meteorological Society. 

52. Collection of the Cloud Photographs, which are reproduced in Singer's 
Cloud AtlaSy and which are arranged according to the classification 
proposed by the lion, R, Abercroraby and Dr. H. H. Hildebrandsson. 

Exhibited by Db. K. Si^iosa. 
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^' Photographs of CimiB and Cirro-cnmulos Clouds. 

Exhibited by Mods. G. Raymond. 

M* Set of Cloud Photographs. Exhibited by Dr. a. SPRUNa. 

55. Clouds taken at the Vatican Observatory, Bome^ under the direction of 

Padre F. Denza, by Signor Mannucci. 

Exhibited by the BRITISH ASSOCIATION Ck)MMITTEE ON THE 

Application op Photography to Meteorology. 

56. Cloud Photographs illustrating Capt. D. Wilson-Barker's proposed 

Cloud Nomenclature. 

Exhibited by Capt. D. Wilson-Barker, F.R.Met.Soc. 

57. Cloud types : Cirrus, Cumulus^ and Cirro-stratus. 

E^xhibited by Birt Acres. 

58. Clouds taken by reflection from a black glass Mirror^ on Mawson and 

Swanks Photo-mechanical plates. 

Exhibited by A. W. Clayden, F.R.MetSoc. 

59. Cloud Photographs. Two frames. Exhibited by the Kew Committee. 

60. Three framed Photographs of Clouds. Exhibited by L. Cohen. 

61. Frames containing Photographs of Cloud Sutgects. 

Exhibited by CoL. H. M. Saunders. 

62. Poey's Classification of Clouds. Exhibited by G. J. Symons, F.R.S. 

63. Illustrations of Cloud-forms, being first proofs from Capt. FitzRoy's 

Voyage of the Beagle^ 1839. 

Exhibited by the Meteorological Council. 

64. Bepresentation of the Forms of Clouds, given in Admiral FitzRoy*8 

Log Book, Exhibited by the Meteorological Council. 

65. Sketches of Cloud Forms by the late Mrs. Toynbee. 

Exhibited by the Meteorological Council. 

66. Typical varieties of Clouds. Illustrating the Rev. W. Clement Ley's 

Lecture on " Clouds and Weather Signs " in Modem Meteorology^ 1879. 

Exhibited by the Royal Meteorological Society. 

67. Drawing showing typical Forms of Clouds with their names and usual 

height in the atmosphere, and a scale of feet and miles, with sketches of 
comparative heights of mountains, &c. for comparison. 

Exhibited by R. Inwards, Pres.R.Met.Soc. 

68. Plate showing method of measuriDg Heights of Cloud. (From J. F. 

Glockner*s De Pondere Nubium^ 1722). 

Exhibited by G. J. Symons, F.R.S. 

69. Illustrations of Cloud-forms. From On the Modifications of Clouds^ ^c. 

by Luke Howard. First edition, 1803. 

Exhibited by G. J. Symons, F.R.S. 

70. Hellmann's '' Neudrucke von Schrifben und Slarten uber MeteorolQgie 

und Erdmagnetismus.*' No. 3. Containing reprint of Luke Howard*8 
memoir ** On the Modifications of Clouds," 1808, with facsimiles of the 
three pUtes. Exhibited by Dr. G. Hellmann. 

71. Illustrations of Cloud-forms. From Researches about Atmospheric 

Phenomena. By T. Forster. Third edition. 1823. ^ 

ExhUnUd by G. J, Symons, F.R.S, 
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72. nioBtrations of Cloud-forms. From Meteorology, By Q. Htnrey, 

F.R.S. Etwydopadia Metropolilana, 1884. 

Exhibited by G. J. SYMONg, F.R.S. 

73. niuBtrations of Primary and Secondary Clond-formsi from Maory^s 

Sailing Directions^ Eighth edition, 1859. 

Exhibited by the Royal Meteorological Socibtt. 

74. niufltrations of Clond-forma. From Essay on the Modifications of 

Clouds, by Luke Howard, F.R.S. Third edition, 1865. 

Exhibited by G. J. Symons, F.R.S. 

75. niostrations of Cloud-forms. From Clouds, their Forms and Combina- 

tions. By Elijah Walton. Third edition, 1873. 

Exhibited by the METEOROLOGICAL COUNCIL. 

76. niustrations of Cloud- forms. From '* Atlas donnant lea principalea 

formes des nuages avec un rdsum6 de leur classification ; '* par P. 
Weilbach. 1881. Annuaire de PInstitut M^t^orologiqus du Dane- 
mark), Exhibited by G. J. Symons, F.R.S. 

77. lUnstrations of Cloud-forms. From Le Monde Physique i par A. 

A. Guillemin. Tome V. La Meteorologie. 1885. 

Exhibited by G. J. Symons, F.R.S. 

78. '' Measurement of Cloud Heights and Velocities at the Blue Hill 

Meteorological Observatory/' being Part III. of Vol. XXX. Annals 
Harvard College Observatory, Exhibited by A. L. Rotch, F.R.MetSoc. 

79. Singer^s '' Wolkentafeln.'* Exhibited by Dr. K. Singer. 



SKETCHES AND PHOTOOBAPHS OF METEOBOLOOICAL 

PHENOMENA. 

80. Lightning, June SSth^ 1892. Two enlargements of photographs taken 

by Mr. G. Corden at Croydon, 8.45 to 9 p.m. 

Exhibited by the Royal METEOROLOGICAL Society. 

81. lightning, June S8th, 1892. Enlargement of photograph taken by 

Mv, K.ll. Pickel at Bexley at 10.30 p.m. 

Exhibited by the Royal Meteorological Society. 

82. Lightning at Sydney, December Hh^ 1892. Two photographs taken 

by Mr. H. C. Russell, F.R.S., at the Observatory. The point at which 
the flash struck the water was 2,000 ft. from the camera. 

Exhibited by the Royal Meteorological Society. 

83. Cedar Tree struck by Lightning, July 18th, 1892, at Tyntesfield Park, 

Wraxall, near Bristol. 

Exhibited by the RoYAL METEOROLOGICAL Society. 

84. Frost Fronds on Window. 

Exhibited by the Royal Meteoroix)gical Society. 

85. Site of Waterspouts at Langtoft, near Driffield, June 9th, 1888, and 

July 8rd, 1892. (See Quarterly Journal of the Royal Meteorological 
Society J Vol. XIX., p. 1.) 

Exhibited by the Royal Meteorological Society. 

86. After the Flood at Langtoft, near Driffield, July 8rd, 1892. (Two 

photographs.) Exhibited by the Royal Meteorological Society. 
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67. Hailstones (aotaal size) which fell at Bichmcmd^ Yorkshire, July 

8th, 1893* (Two photographs.) Some of the hailstones were more 
than 2 ins. in diameter. 

Exhibited by the Royal Meteorological Society. 

88. Damage by Hail to Conservatory in the Bog Valley Gardens, Harro- 
gate, July 8th, 1893. 

Exhibited by the Royal Meteorological Society. 

89. Old Sulphur Well, Harrogate. This photograph, which was taken in 

November 1893, shows the marks made upon the lead roof by the hail- 
stones that fell during the terrific thunderstorm on July 8th. 

Exhibited by the Royal Meteorological Society. 

90. Iron Hoofing perforated by Hail, October 13th, 1892, at Tulcumbah, 

New South Wales. 

Exhibited by the Royal Meteorological Society. 

91. Atmospheric Phenomena consisting of coloured Solar Halos, Parhelia, 

a white Circle around the sun, and an Anthelion, as seen at Gosport, 
March 29th, 1848. Drawn by Mr. J. H. Maverley. 

Exhibited by th^ Royal Meteorological Society. 

92. Solar Halos seen at Weymouth, April 28th, 1883. Coloured sketch 

by Mr. J. T. See. Exhibited by W. Marriott, F.R.Met.Soc. 

93. Photograph of Rainbow. Exhibited by Re 7. F. C. Lambert. 

94. Snow Scene, Tunbridge Wells, April. 1892. 

Exhibited by Dr. F. G. Smart, F.R.Met.Soc. 

95. Photograph of Fog on January 18th, 1888, taken from the top of the 

Worcestershire Beacon (1,390 ft. above sea-level), about 700 ft. above 
the general level of the fog which covered the whole of the surround- 
ing country. Above the fog there was bright sunshine and clear sky. 

Exhibited by the Royal Meteorological Society. 

96. Twilight and Afber-Qlow effects at Chelsea, November 26th, 1833. 

(Sea Report of the Krakatoa Committee of the Royal Society^ 1888). 

Exhibited by 11. S. Wallis, F.R.Met.Soc. 

97. Diagrams illustrating Erakatoa Volcanic Dust collected 1,000 miles 

from the place of eruption. Enlarged 10,000 diameters. 

Exhibited by W. F. Stanley, F.R.Met.Soc. 

98. ^* The Daily Graphic.'' Drawings used to illustrate the Weather 

Forecasts. Exhibited by C. Harding, F.R.Met.Soc. 



PHOTOOBAPHS AND DIAOBAHS OF INSTBITMENTS. 

99. Daguerreotype showing the collection of apparatus for Mr. Welsh's 
Balloon Ascents at Vauzhall Gardens, July 1852, with likenesses 

of several members of the Kew Committee of that date. 

Exhibited by the Kew Committee. 

100. Photographs of Mr. J. Olaisher, F.B.S., and Mr. H. Coxwell in the 

car of a Balloon, with meteorological instruments in position. 

Exhibited by G. J. Symons, F.R.S. 

101. Photograph showing the arrangement of the Meteorological Instru- 

ments ado])ted for the ascents of the free balloon belonging to the 
*^ Deutficher Verein zor Forderung der Luf tschiffahrt." 

Exhibited by the Royal MEXEOROLOOlQiAL SocI£TT« 
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102. Cloal Et^aatcrlel ccnstructedby Dr. Nils Ekholm, Hon.Mem.B.Met-8oc. 

Exhibited by the Royal Meteorological Society. 

103. Photograph of Theodolite need in the determination of Clond alti- 

tudes at the Blue Hill Observatory, Mass., U.S.A. 

Exhibited by A. L. RoTCH, F.R.MetSoc. 

104. Photograph of Plotting Machine for graphical solution of data obtained 

with the above Theodolite (No. 103). 

Exhibited by A. L. RoTCH, P.R.Met.Soc. 

105. Photograph of Pole Star Recorder in use at tlie Blue Hill Observatory 

for recording cloudiness at night. 

Exhibited by A. L. RoTCH, F.R.MetSoc. 

106. Two Photographs of *' Trails " by Pole Star Recorder. 

Exhibited by A. L. RoTCH, F.R.MetSoc. 

107. Diagrams designed by Lieut-Oen. Strachey, F.R.S.9 to facilitate the 

calculation of the height and motions of Clouds from photographs. 

Diagram A is arranged to give the height of the cloud, the heights being 
indicated by the abscissae on a scale in which the length of the base be- 
tween the two cameras is equal to the focal length of the camera lens. 
The parallax obtained in the way explained under Exhibit No. 13 is 
measured on the ordinates of the curve, and the corresponding height is 
at once read off below. 

Diagram B gives the rate of motion of the cloud. The line A B repre- 
sents the measured base between the two cameras upon the same scale 
as is used to represent one mile upon the larger diagram of proportional 
velocities. The drift obtained trom the negatives, in the manner ex- 
plained under Exhibit No. 13 is marked off upon the lines A C and 
B D measuring from A B, and the parallax is marked off upon the 
line A B, measuring from A ; a line is then drawn from the point on 
A C through that on A B to the line B D, and the distance from the 
point previously marked off on B D to the extremity of this line is 
taken off and measured on the diagram of relative velocities, upon the 
vertical line corresponding to the interval in seconds which had elapsed 
between the taking of the two photographs. 

Exhibited by the METEOROLOGICAL COUNCIL. 

108. Records of Velocity of the Wind by Dines*s Pressure Tube Anemo- 

meter at Oxshott, Surrey, December 12th and 13th, 1893 ; February 
7th, 11th ; and March 2nd and 27th, 1894. 

Exhibited by W. H. Dines, F.R.MetSoc. 

109. Drawing of a suggested form of Barometer designed to give readings 

already coiTected for capacity, capillarity, temperature and height 
above sea level. The temperature correction is obtained by reading 
the thermometer which has its bulb immersed in the mercury of the 
cistern. The horizontal screw head at the top of the instrument is then 
turned until the pointer on the horizontal scale points to the tempera- 
ture. This has the effect of depressing or raising the vernier by means 
of an inclined plane so as to oeduct or add the proper correction for 
temperature. The inclination of the plane supporting the veniier 
changes with its rise on the scale by means of diagon^ slots on the 
brass frame of the instrument. These can be adjusted when the instru- 
ment is made. 

^ The capacity correction is made bv a milled head at the bottom or 
cistern end of the instrument, and a glass plunder is caused to immerse 
itself in the mercury until it just brings the level of the same to the 
ivory point which is fixed above its surface. The capillarity corection 
is not needed with so lare;e a bore. The correction for heigt above 
sea level is provided by shortening the instrument by means of the 
screws in the middle of its height, and, of course, the temperature 
adjustment must be made to correspond when the InstromeDt is first 
Acyosted for its station. Exhibikd by R. Inwards, Pre8.R.Met.Soc« 
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)10. Chart for reducing readings of Uetallic Barometers to the tempera- 
ture of 32°; by Mr. E. H. Griffiths. 

Exhibited by J. J. HiCKS, F.R.Met.Soc 



LANTEBN SLIDES AND TRANSPABENCIE3. 

111. Clouds taken mostly at the Santis Observatory, Switzerland. (26 

Slides.) Exhibited by Prof. A. RiGGENBAcn-BuBCKHARDT. 

112. Cloads taken by reflection from a black glass Mirror. (24 Slides.) 

Exhibited by A. W. Clayden, F.R.Met.Soc. 

113. Slides illustrating Capt D. Wilson-Barker's proposed Cloud Nomen- 

clature. Exhibited by Capt. D. Wilson-Barker, F.R.Met.Soc. 

114. Clouds from Photographs taken by Hons. Paul aamier, at tlie Obser* 

vatory, Boulogne-sur-Seine, 1889. 

Exhibited by W. Marriott, F.R.MetSoc. 

115. Clouds comprising Cirrus^ Cirro-cumulus, Cumulus and Stratus. 

Exhibited by BiRT ACRES. 

116. Slides and Transparencies showing the movements of Cumulus and 

Cirrus Clouds at intervals of SO seconds. Exhibited by Birt Acres. 

117. Slides of Clouds. Most of these are Upper Clouds with a few Camulas. 

Exhibited by A. D. Hall. 

118. Slides of Clouds. 

Exhibited by Rear-Admiral J. P. Maclear, F.R.MetSoc. 

119. Clouds (4 slides). Exhibited by A. Stroh. 

120. Clouds (3 slides). Exhibited by H. E. Davis. 

121. Clouds (2 slides). Exhibited by L. Cohen. 

122. Clouds (3 slides). Exhibited by T. C. White. 

123. Clouds (6 slides). Exhibited by the SciOPTlCON Co. 

124. Aurora Borealis (2 slides). Exhibited by the Sciopticon Co. 

125. Festooned Cumulus at Sydney, New South Wales, January 18th, 

1898. Exhibited by W. Marriott, F.R.Met.Soc. 

126. Hailstones which fell at Bichmond, Yorkshire, July 8th, 1893. 

Taken by Mr. J. II. Metcalfe. 

Exhibited by the Royal Meteorological Society. 

127. Han*s Hat damaged by Hailstones at Bichmond, Yorkshire, July 8th, 

1893. Exhibited by W. Marriott, F.R.MetSoc. 

128. Iron Boofing perforated by Hail at Tulcumbah, New South Wales, 

October 13th, 1892. Exhibiud by the Royal Meteorological Society. 

129. Lightning Flashes, at Croydon, June 28th, 1892. Taken by Mr. G. 

Corden. Exhibited by the Royal Meteorological Society. 

130. Lightning Flashes, June 28th, 1892. Taken at Bexley by Mr. R. H. 

Pickel. ExhibtUd by the Royal Meteorological Society. 

131. Trees struck by Lightning in the neighbourhood of Bristol, 1892. 

Exhibited by the Royal Meteorological Society. 

132. Hoar PtOit on Oraasl taken by Rev. J. M. Coates, at Welton-le-Wold, 

iSncohiBhire. Exhibited by W. Marriott, F.R.MetSoc, 
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133. Slides of Clouds. Exhibited by the Kew CJommitteeI. 

134. Two Slides showing the Cloud Camera in position. 

Exhibited by the Kew Committee. 

135. Slides of Clouds. Exhibited by F. Gaster, P.R.MetSoc. 
186. Slides of Clouds. Exhibited by COL. H. M. Saundebs. 



PROCEEDINGS AT THE MEETINGS 
OF THE SOCIETY. 



March 2l8t, 1894. 

Ordinary Meeting. 

KiCHABD Inwabds, F.Ii.A.S., President, in the Chair. 

Hugh Chables Kiddle, Public School, "Walbundrie, New South Wales ; and 
Sidney Richabd Lowcock, Assoc.M.Inst.C.E., 35 Waterloo Street, Birmingham, 
were balloted for and duly elected Fellows of the Society. 

It was announced that the Society, in conjunction with the Sanitary Institute, 
had arranged for a course of six Lectures on ** Meteorology in relation to 
Hygiene,'* to be given at the Parkes Museum, Margaret Street, W., as follows: — 

April 2drd. Instruments and Observations and their Eepresentation. 

G. J. Symons, F.R.S. 
„ 26th. Temperature of Air, Soil and Water. 

Dr. H. R. Mill, F.R.S.E. 
„ 80th. Barometric Conditions and Air Movements. 

R. H. Scott, M.A., F.R.S. 
May 8rd. Moisture, its Determination and Measurement. 

W. Mabriott, F.R.Met.Soc. 
„ 7th. Climate in Relation to Health, and Geographical Distribution of 

Disease. C. Theodore Williams, M.A., M.D., F.R.C.P. 

„ 10th. Fog) Clouds and Sunshine. F. Gasteb, F.R.Met.Soc. 

The fee for the course would be half-a -guinea. Fellows of the Society would 
be admitted without payment. 

The following communications were read : — 

" Relation between the Mean Quartebly Tempebatxjbe and the Death 
Rate." By W. H. Dines, B.A., F.R.Met.Soc. (p. 173.) 

" DUBATION AND LATEBAL EXTENT OF GuSTS OF WiND, AND THE MEASUBEMENT 

OF THEiB Intensity.'* By W. H. Dines, B.A., F.R.Met.Soc. (p. 180.) 

" On the Calculation of Photogbaphic Cloud Measubements.** By Dr. 
K. G. Olsson. (p. 187.) 

Mr. R. H. Scott, F.R.S., read the following 

" Note on unusually sudden Babometrical Oscillations and High. Wind 
Velocity in the British Isles in Februaby 1894." 

The storm which passed over the North of Scotland on the night of February 
28rd-24th, was not marked by any very high wind velocity at our station at 
Deemess in the Orkneys, as will be seen from the figures in the left-hand portion 
of Table I., giving the hourly velocities and direction for the two days. - 



The behavionr of thd barometer at the three etationa on the north-west a 
north coasts was, however, most remarkable, as will be seen from Table II> 
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These fignres show that at Stomoway the barometer fell 0^ in.* from 28-70 
ins. to 28*50 ins., in the half hour from 5 to 5.80 pjn., a rale of fiedl rarely equalled 
in these islands. 

Another matter also seems to merit notice, an actual run of an anemometer of 
90 miles within an hour is rare. This velocity was overpassed for some hours at 
Deemess in the storm of November 18th-19th, 1898 {Qttarterly Journal^ Vol. XX. 
p. 48), and it was reached at Fleetwood at 5 a.m. February 12th, as wOl be seen 
from the right-hand portion of Table I. 

Gapt. D. Wilson-Barkeb remarked that he had once se^i the barometer rise 
'06 in. in twenty minutes when in the neighbourhood of the Falkland Islands. 

Mr. F. J. Brodib said that the weather during December 1898 to February 
1894 had been remarkable for the almost constant flow of large depressions 
along our extreme northern coasts, the barometer in the norm of Scotland 
having been below 28*50 ins. on no fewer than five different occasions. The 
gener^ effect was well shown in the difference between the mean pressures at 
Sumburgh Head and London ; the normal differences being in December 0*28 in., 
in January 0*88 in., in February 0*21 in., and the average for the quarter 0*27 in. ; 
whereas during the past winter the figures had been, December 0*51 in., January 
0*40 in., February 0*62 in., and the average for the quarter 0*51 in. The mean 
gradient over the United Kingdom for the entire winter was therefore nearly 
twice as steep as usual, a fact ¥mich affords a simple kepr to the general mildness 
and storminess of the season, and to its partial immunity firom fogs. 



April 18th, 1894. 

Ordinary Meeting. 

BicHARD Inwards, F.B.A.S., President, in the Chair. 

BiRT Acres, Clovelly Cottage, Bamet ; 
John Farrah, 8 Crescent Boad, Harrogate ; and 
Eaufmann Israel Marks, 174 Sutherland Avenue, Maida Vale, W., 
were balloted for and duly elected Fellows of the Society. 

The following communication was read : — 

*' Some Phenomena or the Upper Air.'* By Bxghabd Ikwabds, F.B.A.S., 
President, (p. 199.) 

On the motion of Mr. G. Chatterton, seconded by Mr. S. W. Silver, the 
thanks of the Society were given to the Exhibitors for the loan of their instru- 
ments, &c. 

The meeting was then adjourned for a short time in order to allow the Fellows 
and their friends an opportunity of inspecting the Exhibition of Instruments, 
Drawings, and Photographs relating to the Bepresentation and Measurement of 
Clouds, which had been uranged in the rooms of the Institution of Civil Engi- 
neers, (p. 217.) 

At 0.80 p.m. a Lantern Display was given of dides illustrating various 
meteorologicaJ phenomena, Mr. W. Marriott giving a description of the various 
pictures. 
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CORRESPONDENCE AND NOTES. 

Whirlwinds on May 26tli, 1894. — The following accounts of two whirlwinds 
are taken from the Times : — 

" A Whiklwind in Herefordshire. — ^The Rev. H. C. Stnrges writes to us 
from Bodenham Vicarage, Leominster : — * If a whirlwind be a violent movement 
of the atmosphere in a circular direction about an axis, we certainly had one in 
this village on Saturday, May 26th, between 1 and 2 p.m. Two dense thunder 
clouds were seen approaching with their separate storms at about 1.80 p.m., the 
one from the north-west the other from the north-east. These appeared to meet 
n the centre of this village, which is in one of the Luge: valleys, eight miles 
north of Hereford. Within a radius of about 800 yards there was such a violent 
movement of the atmosphere in a circular direction that trees were cut off at 
the stem, huge branches off the elm trees were carried 50 yards or more, and 
tiling was lifted off the buildings. At the same time sheets of hailstones were 
hurled against the windows from all points of the compass. Beyond the radius 
of the storm vortex the weather was calm and bright, so that our friends three- 
quarters of a mile off to the west, who witnessed us enveloped in an inky black- 
ness, suffered nothing. A pond in the village is almost entirely choked with 
fellen timber, the trees having fallen against each other. Is it not a most 
unusual thing in this country for the area of a storm of wind of such violence to 
be so exceedingly limited in extent ? I ought to add that some wind and a great 
deal of hail was experienced to the east of us, but not wind sufficient to break a 
branch off a tree.' " 

"Thb Whiblwind. — Mr. Eichard P. Dansey, of Ludlow, writes to us: — 
' Having seen in your columns a letter from the Bev. H. C. Stnrges, describing a 
whirlwind near Leominster on May 26th, I trust you will be able to find space 
for an account of another cyclone, or whirlwind, which occurred near Ludlow on 
the same date, and at approximately the same time, the description of which 
agrees in everv particular with that given bv your correspondent. About 1 p.m. 
on Saturday the 26th, a very heavy storm broke over the Glees (whose higher 
point rises to 1,805 ft. above the sea), accompanied with incessant thunder and 
lightning. In five minutes, or less, these hills were quite white and completdy 
covered with snow down to about 1,000 ft. high, while the lightning all the time 
was most vivid and the thimder very loud. A few minutes afterwards a sort of 
secondarv storm appeared to be forming in the north about a mile and a half 
away. One could see sheets of hail sweeping out of the dark clouds, while clouds 
of dust were swept across the fields which evidently indicated a tremendous 
wind, as, indeed, proved to be the case. The path of the cyclone, for such indeed 
it was, seemed about 800 yards wide, and it advanced towards us with tremen- 
dous rapidity, and even as it came we could trace its passage by the trees and 
branches which could be seen falling in the distance as the cyclone approached. 
Suddenly it reached us together with a downpour of huge hailstones and lumps 
of ice. The centre or vortex of the whirlwind seemed to pass directly over our 
house, and swept everything before it. We saw three trees fall in the garden — 
including a magnificent fir, 80 ft. in height — at the same moment and within 60 
yards of each other, while others were bent double ; a roof was lifted bodily off 
a French bam and carried over fields and hedges a distance of 200 yards ; big, 
heavv glass lights were blown off cucumber frames ; a large garden bench was 
whirled through the air and deposited upside down : hens were caught off their 
feet and sent literally flying through the air, and the air was filled with branches 
and debris to such a degree that, coupled with blinding snow, which had succeeded 
the hail, and was whirling round and roimd, one could not see more than 80 
yards. The wind and storm had all passed in a very few minutes, the extreme 
height of the cyclone being limited to about 80 seconds. In every field could be seen 
oaks or chestnuts or other prostrate trees, and in places, also, the snow still lay 
where it had drifted. The whirlwind seemed to go up into the air about half-a- 
mile beyond us, coming down to the groimd again aoout 1^ mile to our south, where 
it again wrought enormous destruction, though outside its narrow path not a tree 
Was toiu^ed. We all thought the gale of Sunday, Febraarj lltl^ mv6M| ev^ 



though it only blew down ludf-a-dozen trees in our vicinity, hnt it wm» mere^ A 
gentle breeze compared with the awfdl intensity of the eydone experienced on 
the 26ih, which mnst have uprooted han<1redB of trees in its path, narrow though 
it • " 



Eleetrie Phenooieiut daring Thuiidentonii8.~-In a letter to the Skmdard of 

May 81st, Mr. C. S. Da Biehe Preller, writing from Baden, Switzerland, said : — 
'* Some exciting and horribly beaatifiil, but also very dangerons, electric pheno- 
mena were observed in the picturesque Canton of St. Gall, on the evening of the 
25th inst., during a thunderstorm of extraordinary violence, accompanied by a 
deluge of rain. The large ' village ' of Gossan, about seven miles fictun the town 
of St. GaU, derives its electric supply for lighting and motive power fo indus- 
trial purposes from a hydro- electrical central station, situated at a distance of 
eight miles, by a high tension transmission, with transformer stations in the 
vmage. The thunderstorm, accompanied bv violent lightning discharges, pctfsed 
over the place at 5 p.m., and then, driven back bv a change of wind, returned, 
and lastea for seversJ hours. Soon after 5 p jn. all the electric lights went out 
spontaneously, but the place was illuminated by violent sparks and flashes, which 
were emitted by the overhead wire system, and ran along the conductors. These 
phenomena reached their height at the principal transformer station, close to an 
notel ; for here the high pressure current escaped from the conductors to earth — 
viz. the ground saturated with rain — ^the effect being a succession of flashes or 
continuous blaze, which so endangered the building that the fire brigade had to 
be called out to protect it. These phenomena continued for several hours, till 
the electric supply was cut off at the central station, a special messenger on 
horseback havmg been despatched thither, for, wonderful to relate, the installa- 
tion was as yet without telephonic communication. The lightning struck several 
houses in the village, though without doing harm ; but a young man of powerful 
buOd, and of local position and great promise — for he was to have been elected 
Mavor on the very next day— inadvertently touched one of the electric cables, 
aid was instantly killed. The inhabitants of the place might have been spared 
the terror of these phenomena, and probably no human life would have been lost, 
if the electric supply had been cut off during the altogether exceptional thunder- 
storm, as should always be done — and in the United States is done on some 
electric tramways — in districts visited by violent atmospheric discharges, and 
where overhead wires are used. Only last summer I witnessed a similar occur- 
rence on the Mont Salive electric railway, near Geneva, where the lightning 
struck the feed conductor of the line, and thence found its way along the trans- 
mission cables to the central station, ftdly two miles distant, where it passed 
through ^e lightning arrester and burnt out one of the huge 1,000 horse-power 
dynamos. In this case, too, the lightning discharge was only the indirect cause, 
the direct cause being that the dynamo was runmng at the time, viz. that the 
current followed the discharge through the not quite perfect lightning arrester, 
and ' short-circuited * the dynamo.** 

Bemarkable FlAsh of Lightning.— Herr O. Hoppe, 'n a paper << Oberirdlsche 

und unterirdische Wirkungen eines Blitzstraliles/' which appeared in Leopoldina^ 
Vol. XXIX., 1893, gives an account of a very remarkable flash of lightning 
which occurred on July 20th, 1881, near the town of Claasthal in the Hartz. 
The house struck was not situated in an exposed position, a church near it, but 
on a hill above it, escaped. Dr. Hoppe accounts for this by the circumstance 
that the house struck was standing in a damp, good conducting soil. He remarks 
that the joists of the house, of dry pine, were torn to splinters, but not set on fire ; 
but where the lightning found nails in damp wood, the ends of the nails were 
fused and the wood caught fire. From this Dr. Hoppe concludes that iron nails 
or fastenings should not be used in roof timbers. The residents in the house 
were sleeping on feather beds, and were all uninjured. The experience of various 
miners at the level of 1,000 fathoms is given, as tendered in evidence before a 
commission of inauiry . They evidently felt the same flash as wrecked the house. 
The paper is worth notice for those who are engaged in lightning rod work. 

Eyaporation at Kimberley, Soath Africa.— Mr. R. H. Twigg, MJnstCE., 
has favoared as with the monthly evaporation at the Kimbefle^ Waterworks, 
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OOBSBBPONDBNOB AMD NOTES. 88&: 

South Africa, for the three years 1891-1893. The gaage is of wrought iron, 
4 feet cube, buried in the ground to within 1 inch of the top ; the level of the 
water inside is kept 2 or 3 inches below the top to allow for the heaviest showers. 
The gauge is reaa every day to *001 inch by means of Twigg's hook gauge. 



January ... 
February ... 
March 
April 
May 
June 
July 
August 
September ... 
October 
November ... 
December ... 

Year ... 86-68 104-41 10132 

Drought m the Coast of East Africa.— Mr. W. B. Cracknall, of Zwizibar, 

in a despatch to the Colonial Secretary, dated May 3rd, 1894, says : — " I have 
the honour to inform your Lordship that on the coast of Eant Africa, extending 
from Mozambique right through the German coast, there has been almost a total 
absence of the rain usually experienced at this neasnn. In the Island of Zanzi- 
bar the rainfall for this year is, up to date, 12-82 ins., in contrast to 34*79 ins. 
registered up to April 30th last vear. 

" The South-west wind, which should be blowing strong and fresh, is gentle 
and variable, and the abnormal heat of the last few months has but slightly 
abated. 

" Fears are entertained of a famine on the coast ; and already I am informed 
the greatest scarcity of food prevails, while the price of rice in the Zanzibar 
bazaars is much augmented, and most probably the rainfall in the territory of the 
Imperial British East Africa Company will be irregular and scanty. 

" I have troubled your Lordship with this despatch, as it is likely that this 
state of things may have some relation to the coming South-west monsoon of the 
Indian Empire.** 

Baisfdll at Aburi, West Africa. — The following are tlie monthly amounts of 

rainfall for the three years 1891-93, at the Botanical station, Aburi, on the Gold 
Coast. The station is 1,400 feet above sea level, and 26 miles from the coast. 
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Year .. 55-44 4266 66-74 

At Accra, on the coast, the raiufall in 1893 was 30*38 ins. 
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RECENT PUBLICATIONS. 

Aero 'Therapeutics t or the Treatment of Lung Diseases by Climate, Bj Chablkb 
Thkodobb Williams, M.A., M.D., F.B.C.P. 8vo. 1894. 187 pp. 
aud plate. 

This work comprises the Lumleian Lectures for 1893, which Dr. Williams 
delivered before the Koyal College of Physicians. The object of the aathor has 
been to sketch a scientific system of Aero-therapeutics based on the combination 
of modem meteorolosy with clinical experience, each element of climate beinff 
duly considered in its bearing on health and disease. The first lecture is devoted 
to the factors and elements of climate ; the second lecture is devoted to tempera- 
ture and moisture ; and . in the third lecture the author deals with barometric 
pressure in its relation to health and disease. Dr. Williams also reproduces the 
address on the climate of Colorado, which he delivered before the Royal Meteoro- 
logical Society on January Idth, 1893. 

American Meteorological Journal. January- Jooe 1894. 8vo. 

The January No. contains several papers prepared for the Chicago Congress 
of Meteorology, viz. — 1. History of the Weather Map : by M. W. Harrin^on 
(3 pp.)* Eighteen current daily Weather Maps are now issued by the various 
national Weather Services. 2. The Meteorological work of the Medical Depart- 
ment of the U.S. Army : by Major C. Smart (2 pp.). 3. The Meteorological 
work of the Smithsonian Institution : by the Secretary (2 pp.). 4. Early indi- 
vidual observers in the United States : by A. J. Henry (2 pp.)* ^' Storms of 
the North Atlantic : by E. Hay den (2 pp.). 6. The creation of Meteorological 
observatories upon the islands scattered over the ocean and connected with a 
continent by cable : by the Prince of Monaco (2 pp.). — Among the otlier con- 
tributions are : — The recurrence of hurricanes in the solar magnetic 26*68 day 
period : by Prof. F. H. Bigelow (4 pp.).— A Cloud-burst in Arizona : by J. D. 
Parker (4 ppX — Recent foreign studies of Thunderstorms, No. I V. : by 
R. de C. Ward (9 pp.). The author in this paper gives a summary of llie 
thunderstorm work carried on in Italy since 1882. — Certain climatic features of 
Maryland : by W. B. Clark (3 pp.). — Ten miles above the earth : by Prof. H. A. 
Hazen (5 ppj. — Measurement of the seasons : by H. Gawthrop (2 pp. and 
plate). — The Climate of Louisiana : bv R. E. Kerkham (3 pp.). — A new series of 
isabnormal temperature charts, based on Buchan's isothermal charts : by S. F. 
Batchelder (24 pp.). — Storms of the Gulf of Mexico and their prediction : by 
W. D. Steams (8 pp.). — A new chart of equal annual ranges of temperature : 
by J. L. S. Connolly (2 pp.). — Meteorology and Geodesy : by Prof. Cleveland 
Abbe (5 pp.). — The maximum precipitation of south-western North Carolina, 
particularly on the southern and eastern slopes of the Blue Ridge : by A. J. 
Henry (4 pp.). — The Seabreeze at Boothbay Harbour, Maine : by G. B. Magrath 
(5 pp.). — The Texan Monsoons : by M. W. Harrington (13 pp.). — The marine 
Nephoscope and its usefulness to the navigator : by Prof. Cleveland Abbe (10 
pp.). — The Pole Star Recorder : by S. P. Fergusson (3 pp.). 

Annuaire de la SociStS MStSorologique de France, Tome XLI., July-Novem- 
ber 1898. 4to. 
The principal articles are : — Sur la provision du temps et sur Fenchatnement 
des situations atmosph^riques : par P. Garrigou- Lagrange (28 pp. and 2 plates). 
— Des Nuages et de lenr rOle dans la production des hydrom^teorites : par C. 
Ritter (36 PP-)* "^^^^ ^^ ^^ elaborate attempt to explain the formation of clouds, 
especially of cumu/t, by means of the phenomena developed when drops of ink or 
any other coloured fluid are very gently [introduced into water. The author 
gives diagrams showing how the drops bifurcate and bifurcate again and again, 
giving an appearance like a candelabrum. The paper is divided as follows : — 

1. Generalities on the natural and mechanical properties of the surface of liquids. 

2. The action of the epidermis when capillary veins and sheets of water flow 
into the air. 3. Action of the dermis when drops, veins, or sheets of certain 
liquids flow into water mists and liquid clouds. 4. Action of the atmodermes 
in the escape into the air of smoke and vapour fogs and ** pulviscular ** clouds. 
5, Structure of atmospheric clouds. The author points out that for the produc- 



tion of e&iBiiliis tke eustemee of a peplum is necesMuy, a condition of tiie sur* 
faee wkioh tends -to presenre a definite form. This pepltim is absent in the 
case of stratus. Throughoat Uie paper the author uses the obsolete term of 
vapeur Y6siculaire. 

MftearologUchs ZeiUchrifi, Redigirt von Dr. J. Hann and Dr. G. Hbujiaiim. 
December 189d-Maj 1894. 4to. 

The principal contents are : — ^Vergleiche von Qaecksilber-Barometem mit 
Siede-Tnermometem : von H. Hartl (10 pp.). Thi^i is an abstract of & paper 
publlslied in the MiUheilungen dea K.K, MUildr GeostraphUchea Inatitutea (see 
p. SO.)- — Ueber die Ermittelung der Temperatur-und Feuchti^keits-unterschiede 
zwischen Wald and Feld : von Dr. J. Schubert (7 pp.). This is an account 
of some interesting experiments carried on by the use of Assmann*s apparatus 
for producing artificial air circulation round the bulbs of thermometers. The 
desirability of artificial uniform air circulation applied to wet-bulb themometers 
has long been recognised. Dr. Schubert claims to have shown bv his experi- 
ments Siat the alleged difference in temperature and humidity between forest 
and open ground is solely due to the fact that the air inside the forest is calmer 
than outside, and that when simultaneous observations dre carried on at any 
pair of twin stations, such as exist in all foreign meteorological systems, by 
means of Assmann*s apparatus, the results are almost identical. — Klimatolo- 
guche Zeit- und Streitfragen : von Dr. A. Woeikof . No. V. (9 pp.). In this 
paper the author discusses the regions where continental and oceanic climates 
axe most strongly marked. He endeavours to show that the coldest winters on 
earth are probaoly over the Antarctic Continent, and the central portion of 
Qjreenland. The warmest summer is probably to be found in the Sahara or the 
Death Valley of California, and the greatest annual range in Eastern Siberia. 
One great sign of oceanic climate is the excess of warmth in autumn over spring. 
In Eastern Siberia, despite its oceanic climate, this relation exists, owing to the 
fact that snow melting retards the advent of summer in May. The region where 
spring is decidedly warmer than autumn is in Uindostan. Dr. Woeikof proceeds 
similarly to discuss relative humidity and precipitation, and concludes with 
a short notice of the typical oceanic climate oE Jan Mayen and Northern 
NorwAv. — Ueber die Namen der Winde : von Dr. F. Umlauft (7 pp.). 
Hesiodf only recognised four winds, but by the time of Herodotus the num- 
ber of points had grown to eight. The names now generally employed are 
of Germanic origin, and Dr. Umlauft, by deriving their etymology from various 
languages, seeks to show that East implies clearness. West knplies calm, as at sun- 
set. North implies dampness, and so indicates a wind coming from the sea. South 
is said to be connected with the sun, as in Iceland the South wind is now called 
' sunnanvindur.' The man to whom ^e owe the combination of the cardinal names 
to indicate intermediate points was Eginhart, in the time of Charlemagne. His 
windrose had only twelve points, for he left out South south-east, West-south- 
west, North- north- west and East-north-east. The idea of combination was so prac- 
tieal that it was generally adopted, and complete<l so as to have sixteen points. 
Italy has never adopted this nomenclature *, there East is Levante, sunrising ; 
West, Ponente, sunsetting. The Sclav wind names are all taken from the course of 
the sun : the North is midnight ; South, midday ; East and West, rising and setting 
respectively. — Die Ergebnisse der schwedischen intemationalen Polar-Expedition 
1882-83 auf Spitzbergen, Kap Thordsen : von Dr. .1. Hann (13 pp.). The author 
thinks that it has taken a long time to produce this work, but that its value and 
thoroughness have both been materially improved by the careful consideration 
which the discussion has received. Dr. Hann giv^s a summary of the contents 
of the volume. Among interesting facts it may be mentioned that hail was 
never once observed. The winter in Spitzbergen was the mildest experienced by 
any of the expeditions except that of the Austrians in Jan Mayen.- The 
extremest cold in winter was reported by the Russians at the mouth of the Lena, 
the coldest summer by the Dutchmen in the Kara Sea. As regards the wind, the 
Swedes report that in winter the velocity was a maximum at night and a minimum 
in the forenoon. In summer this is reversed. The paper concludes with a list 
of the volumes in the ZeiUchrift in which notices of all the Polar Expeditions 
are to be found, with their respective authors* names. — Neue Normaitempenu 
tujren; von Dr, W Precht (10 pp.). This paper deab with the construction of 
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iMbnormal carves of temperatare similar to those of Batchelder in the Ametiean 
Meteorological Journal, Vol. X. Dr. Precht refers to Spitaler*8 paper on tem- 
perature anomalies in PetermantCe Mittheilungen for 1887. which, however, has 
only one chart for the year. Dr. Precht*8 own charts are not given in the 
Zeilichrift, The temperature charts on which they are based are Hann*s in 
Berghaus* Phy ileal Atlas. At the end of the paper tlie author takes up Angot*s 
'' Recherches origines sur la distribution de la chaleur i la surface du globe ** 
from the Annales du Bureau Central Afet^orologique de France for 1893, which 
enable him to calculate normal temperatures by a different process, and the 
results agree very satisfactorily with those previously obtained by him — X. 
£kholm*8 Untersnchungen uber das Verbal ten des Psychrometers unter dem 
Gefrierpunkt : von J. Hann (9 pp.). This is a paper criticising the results 
given in the last volume of meteorological data of the Swedish expedition to 
Spitsbergen in 1882-3. Dr. Ekholm instituted a most careful investigation into 
the anomalous behaviour of the wet bulb, and finds that when the results are 
calculated by the usual formulae for low temperatures the indications are con- 
siderably too high. He says that if the hygrometer is in good order, very good 
results ^r both vapour tension and relative humidity can be obtained down to very 
low temperatures if a constant correction of — 0°*45 C, or 0°'8l F, is applied. The 
explanation given of this is that vapour of low tension is disseminated through 
the atmosphere with extreme slowness, consequently the tension of the vapour a 
few inches above a snow or ice surface is much higher than that in immediate con- 
tact with the snow, etc. The idea is that the thermometer bulb is brought into 
this surcharged stratum , vapour from that stratum condenses on the bulb and 
the latent heat raises the temperature of the bulb. — Die Vertheilung des Luft- 
druckes fiber Europa wahrend der Trockenzeiten des Fruhlinsrs und Sofhmers 
1893 : von Dr. E. Less TIG pp. and plate). This is a discussion of the causes of the 
abnormal summer of 1893, a subject which has been frequently attacked. Dr. 
Less thinks that he has found the cause of the extraordinary persistence of the 
antieyclonee in the fact that very unusual cold with an intense anticyclone pre^ 
vailed over northern Russia throughout the spring and early summer. — Ueber die 
Einwirkung der ablenkenden Kraft der Erdrotation auf die Luftbewegung : von 
Dr. N. Ekholm (27 pp). This is a mathematical investigation into the action of 
the rotation of tne earth on wind motion. — Die Resultate der meteorologischen 
Beobachtungen auf dem Pic du Midi : von Dr. F. Klcngel (20 pp ). This is an 
elaborate discussion of the work done on the Pic du Midi. 

Meteorology f The Elements of Weatlier and Climate, By H. N. Dickson, 
F.R.8.E. 8vo. 1898. 192 pp. 

This work forms one of the University Extension Series, and contains, in fact, 
the substance of a course of Lectures on Meteorology, delivered by Mr. Dickson ' 
as a University Extension Lecturer. The author deals with the subject in a clear 
and simple manner. The work is divided into 8 chapters, viz. fundamental facts ; 
fundamental principles ; cyclones ; anticyclones ; other forms of pressure areas ; 
weather forecasting ; meteorological instruments and observations ; the elements 
of climate ; and application of meteorology to agriculture. 

Rep'fTt of the Chief of the Weatlier Bureau, 1891-92, U.S. Department of 
Agriculture. 4to. 1898. 528 pp. and 4 plates. 

This is the first volume of meteorological data published by the Weather 
Bureau, and contains the results of observations made during 1891 and 1892. 
Prof. C. F. Marvin contributes a description with illustrations of the instruments 
in use at the principal stations of the Weather Bureau ; and Prof. Cleveland 
Abbe has a paper on instrumental corrections, methods of reduction, and resulting 
accuracy. 

8ymons*s Monthly Meteorological Magazine, Vol. XXIX. Nos. 887-841. 
February-June, 1894. 8vo. 

The principal articles are : — The January Frost (7 pp.). — A wet February in 
Edinburgh (1 p.). — Sun spots an I air temperature (4, pp.). — The climate of 
Odessa (2 pp.).— Iridescence on the English Lakes (3 pp.). — The May Frost of 
J894 (8 pp.). 
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ON THE RELATIVE FREQUENCY OF DIFFERENT VELOCITIES 

OF WIND. 

By WILLIAM ELLIS, P.R.8. 
(Plate IV.) 



[Reeeived April 10th.— Bead May 16th, 1894.] 

Hayino had occasion a few months ago to prepare some statistics in regard 
to wind velocity, I have since carried the inquiry somewhat farther with tlie 
Tiew of rendering the results more complete, and, with the permission of the 
ABironomer Royal, now beg to submit them to the notice of the Boyal 
Meteorological Society. 

The object of the paper has been to ascertain the number of hours during 
whieh the wind blew with each of the different hourly velocities experienced 
during the period under discussion. Such information may have a value, in 
view of the use of wind engines for pumping and other purposes, as afford- 
ing some indication of the amount of work that may be expected from an 
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engine constructed to act with a certain velocity of wind, as measured by a 
Robinson anemometer as usually constructed. The question being one on 
which I have more than once been asked to supply information, the results 
may be presumed to possess some general interest. 

The discussion was confined to the five years 1888 to 1892, the record of 
the Robinson anemometer of the Royal Observatory, Greenwich (giving 
horizontal velocity), being employed. In tabulating firom the records, the 
hourly velocity is entered to the nearest mile. On each day through the 
period mentioned the number of hours for each of the several velocities 
recorded was counted, placing in the first column the number of hours (if 
any) for which the tabulated value was either or 1 mile ; in the following 
column the number of hours of tabulated values of either 2 or 8 miles ; 
and so on. The combination of the five months of January gave 155 days, 
or 8720 hours. February gave in all 142 days, or 8408 hours ; March 
8720 hours, and so on. In April and May there was a deficiency caused by 
the loss of record for nine days at the end of April, and eight days at the 
beginning of May, of the year 1889. In all other months the full number 
of days is available. The results (monthly sums of hours at different 
velocities) are given in Table I., the mean daily velocity for each month, on 
the mean of the five years, being also added. No regard has been paid to 
direction of wind. 

The number of hours being necessarily different in different months, the 
monthly sums were not strictly comparable. To make them so they were 
proportionately altered where necessary, so as to correspond to monthly 
periods of 80 days, giving for each month of the year, in all 160 days, or 
8600 hours. These corrected results will be found in Table 11., the quarterly 
and yearly sums being also exhibited graphically in the diagram (Plate IV.). 

In each quarter of the year (see Table 11.) the wind blew for the greatest 
number of hours with the hourly velocities of 10 or 11 miles, and this 
was the case also in each separate month, excepting those of September and 
December. In autumn and winter nearly as many hours were registered at 
velocities considerably lower, but in spring and summer the numbers of 
hours at the corresponding lower velocities were distinctly less than at the 
velocities of 10 and 11 miles. With velocities greater than 11 miles, the 
number of hours very rapidly falls off, in all months of the year. 

Comparing spring and winter taken together with summer and autumn taken 
together it is seen, neglecting velocities below 4 miles, that from velocities 
4-5 miles to velocities 12-18 miles the wind blew for a greater number of hours 
in summer and autumn than in spring and winter, but that for velocities above 
13 miles this is reversed, the number of hours in spring and winter being the 
greater, the difference increasing rapidly with increase of velocity. On con- 
sideration it will bo understood that this is a result that might be expected. 
Summer and autumn are not seasons of heavy gales, so that the number of 
hours registered at moderate velocities will necessarily be greater than in 
spring and winter. On the other hand, the gales of spring and winter cause 
a greater number of hours of higher velocities to be then registered thaQ iu 
summer aud autumn. 
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Comparing together the values in any one of the vertical colomns of 
Tahle n., we get an idea of the relative fireqaency of a given velocity of wind 
in different months of the year, that is an indication of the months in which 
the greatest number of hours for any particular velocity may be expected to 
occur. There is a certain irregularity in the values in the months of March 
and December, due to the mean velocity in these months (first column of 
Table I.) being, in March especially high, and in December remarkably low, 
an irregularity that, if a longer series of years had been employed, might 
have disappeared. Making some allowance for this, the numbers of Table H* 
may be seen to indicate generally the manner of distribution of wind velocity 
in different parts of the year. But considerable variation may be expected 
to occur in the same month in different years, as is indeed the case with the 
results for the separate years 1888 to 1892, which, having regard to economy 
of space, it was not thought necessary to give in detail. 

The wind velocities here discussed depend on results deduced by use of 
the factor 8 (relation of movement of cups to velocity of wind). The effect of 
substituting a variable factor more nearly in accord with experiment (as kindly 
made by Mr. Dines) would be (see the diagram) to make the ascent to the 
maximum more steep, and the descent after the maximum more rapid, without 
really displacing the position of maximum (for which particular velocity the 
£Mtor 8 as nearly as possible agrees), or indeed affecting the general rela<* 
lions of things indicated by the results as presented. 

The revolving cups of the anemometer are 66 feet above the a4Jaoenl 
ground, and 211 feet above mean sea-level. 



Addendxtmi June 20th, 1894. 

On the occasion on which my paper '' On the Relative Frequency of 
different Velocities of Wind'* was read before the Society, a wish was ex- 
pressed that I should add a table giving the corresponding hourly velocity 
of the wind at different hours of the day. I stated that this had not been 
done because the individual volumes of Greenwich Obneroatiotis contained 
such information for each particular year. But it has since appeared to me 
that there would be convenience in adding this related information, and what 
I have done is to collect the results for the five years 1888 to 1892, an 
appearing in the separate Greenwich volumes, and combine them to form k 
table of mean values for the whole period (p. 242), thus providing resoltt 
which are comparable with those given in the paper. 
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DISCUSSION. 

Admiral J. P. MaCLEAR said that it would be interesting to compare the 
results from the Greenwich wind records with observations of wind force at 
sea. The average rate of a sailing vessel was 120 niiles a day, or about 5 knots 
an hour, a rate of travel which would require a wind force closely approxi- 
mating the most frequent hourly velocity at Greenwich. 

Mr. G. Harding mquired whether any correction for friction had been ap- 
plied to the observations, because he thought that probably friction might be 
the cause of some of the irregularities shown in the figures for hourly velocities 
of 12 to 18 miles. But, as Mr. Ellis had said, five years' results, though 
valtiable, could not be regarded as affording trustworthy data, particularly, too, 
as the period discussed appeared to have been a more than usually calm series 
of years. It would be an interesting addition to the paper if the mean hourly 
velocities were given. 

Mr. W. Ellis, in reply, said that no correction had been applied to the figures, 
the tabulations having been made direct from the anemometrical records. 
Nothing had been said in the paper about hourly velocities, because the mean 
hourly velocities for each month m the year were given annually in the Green- 
wich volumes. 



AUDIBILITY OF " BIG BEN " AT WEST NORWOOD 
UNDER CERTAIN METEOROLOGICAL CONDITIONS. 

By WILLUM MARRIOTT, F.R.Met.Soc. 



[BeadMay 16th, 1894.] 

In the year 1882, when preparing, in conjunction with the Hon. Ralph 
Abercromby, a paper on "Popular Weather Prognostics," I found that 
there was a lack of observations on the travel of sound — or audibility — in 
relation to meteorological conditions. As I could occasionally hear in my 
garden at West Norwood " Big Ben '* of Westminster striking the hours, 
I decided upon recording in my note book whether I could hear the bell at the 
'usual hoars of observation, viz. 9 a.m. and 9 p.m. My garden, which was 
about 180 feet above sea level, was on ground sloping to the north, and was 
perfectly open in that direction. The Clock Tower at Westminster could 
be seen from the upper part of the house, and was distant about five miles 
and a half in a north by west direction. 

The Clock Tower is situated at the northern end of the Houses of Parlia- 
ment, and closely abuts on Westminster Bridge. The tower, which is 40 
feet square, is surmounted by a richly decorated belfry and spire rising to 
the height of about 820 feet. The clock has four dials, which are 22^ feet in 
diameter. The minute spaces are a foot square, and the figures 2 feet long. 
The dials and hands cost £5,884, or more than the clock and the bells 
together. 

The large bell, *' Big Ben," weighs about 14 tons, and is 9 feet 5^ inches 
in diameter and 9f inches in thickness. On one side of its waist is cast a 
representation of the portoollis of Westminster, and on the other side tho 
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arms of England. Bound the outer lip is cast in .Gothic letters : " This 
bell was cast by George Mears, of Whitechapel, for the clock c^ the Houses 
of Parliament, under the direction of Edmund Beckett Denison, Q*0., in the 
21st year of the reign of Queen Victoria, and in the year of our Lord 
MDCCCLVm/' 

The tone of the bell is E. The hammer weighs 4 cwt., and is lifted 18 
inches from the bell, or about 9 inches vertically. The gearing is 80 
arranged that the hammer falls exactly when the dock reaches the 60tfa 
second of the last minute of the hour ; while at the 1st, 2nd, and 8rd 
quarters of the hour the first bell of the chimes is struck at those times re« 
spectively, the 4th quarter being let off about 20 seconds before the hour 
so that it may have done chiming before the hour begins at the real time. 

The observations extended from October 1882 to November 1887, and 
were made as frequently as I could be sure that I was within range of hear- 
ing the bell at the precise time of striking. As the bell could at times be 
heard more distinctly than at others, I adopted the following scale, viz.:— - 

O^-when *' Big Ben " could not be heard at all 
l-> „ „ „ be heard faintly 

2» „ „ „ „ distinctly 

8"' „ „ „ „ very distinctly 

There were in all 976 observations, which wer^ distributed as follows : — 

9 A.V. 9 pac. 



*' Big Ben *' not heard 
„ „ heard faintly 
„ „ ,, distinctly. •• 
„ „ „ very distinctly 

It will thus be seen that " Big Ben " could be heard more frequently in the 
evening than in the morning. This may possibly be due to there being less 
noise — such as that caused by trains, vehicles, machinery, &c. — ^in the even- 
ing than in the morning. With the view of testing this point still fhrther, 
I extracted all Sunday observations, the results of which show that the bell 
can be heard to much greater advantage on Sundays than on week days : 



... 



No.o{ 
ObB. 


cent. 


No. at 
Obe. 


oent. 


251 


76-8 


481 


66-4 


64 


19-6 


160 


24-7 


8 


2-4 


61 


7-9 


4 


1-2 


7 


10 



Sunday observations 

" Big Ben *' not heard 
„ „ heard faintly 
,, y, „ distinctly ... ... 

„ „ „ very distinctly 

The results of the observations are shown graphically in the accompany- 
ing diagrams, in which the thick lines represent the percentage of audibility 
on the number of observations given in figures at the bottom of each line. 

Wind, — ** Big Ben '* was most frequently heard with winds from West to 
North, and less frequently with winds from South to East* (fig. 1.) 



9 a.m. 

No. ol per 
Obs. oent. 

86 72-9 

22 19-5 


9 P.M. 

No. of per 
Obs. cent. 

78 600 

84 262 


5 4-8 
4 8-8 


15 11*5 
8 2-8 
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The percentage of aadlbility was greatest on Sunday evenings, " Big Ben " 
being heard with all winds, but mo3t frequently, as before, from West to 
North. (Fig. 2.) 
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Fio. 1. — ^Aadlbility of ** Big Ben " with different Windp. The thick lines show the 
peroentage of audibility and the figures at the extremity of the radii the number of 
obeerrationg. 
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Fio. 2. - Audibility of ** Big Ben*' with different Winls. Sunday Obseryations only. 



Barometer. — From the morning observations it appears that the percen- 
tage of audibility was greater with the low and the high readings of the 
barometer than with the intermediate readings. A somewhat similar group- 
ing appears in the evening observations, although the differences in the 
percentages are not so marked as in the morning observations. (Fig. 8.) 

From an examination of the Daify Weather Charts for a number of days 
on which ** Big Ben *' was heard, it appears that the conditions most favour- 
able for audibility are when a cyclonic disturbance is to the eastward of 
London or when an nnticyclonic area is in ihe neighbourhood. Under some 
such circumstances there is a tendency for the wind to blow as a downward 
current, and so probably to carry the sound for a greater distance along the 
Borfaoe of the earth, than when other conditions prevail, as when the wind 
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has an npward tendency and will carry the Bound rather in wi upward 
direction thui along the Bnrfaoe of the groand. 
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Flo. S.— AadiMlitj of "Big Ben" with diffaMat height! ol the Barometer. The 
thiok line* ahow the peroenlage of kodibility, and the flgoiea below the nomker of 
obaerTHtioDS. 



On two occaeions the quarter chimes were also heard. These were : 
(1) on Sonday, October 17th, 16B6, at 9 p.m., when we were in the rear of 
a bIow moving depreasioQ ; and (2) on Wednesday, March 80th, 1887, at 
9.80 p.m., when we were on the eastern side of an antieyolone. 

Temperaturt. — In the morning the percentage of aadibility iqipeora to bo 
greater with low temporatnres than with high tempecatnres. As possUily 
the low temporatares ocenrred with radiation weather, there might be a 
downward onrrent which wonld be favourable for aadibility ; while with the 
higher temperatures there wonld probably be an ABoending onrrent, which 
would be onfavonrable for audibility. 

The percentages of audibility are mneb more noiform in the evening, 
when probably the air baa mostly a downward tendency. (Fig. 4.) 

Cloud. — The percentage of aadibility in the morning appears to be greater 
with dear skies than with olondy oncB, while in the evening the Opposite 
oconre. (Fig. 6.) 

A cnrioas point bronght out by these observations is that the sky wu 
most freqaontly overoaat at 9 a.m., and that at 9 p.m. it was either olear or 
overoast, the intermediate amounts of clond being very small, 

Difftrmce hetvum Dry and Wet ThennomeUn, — ^Tb« peroeiUaga of 
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audibility appears in the morning to be greatest when the difference between 
the dry and wet bnlb thermometers was from 1^ to 8° ; while in the evening 
the percentages are mnch more miiform. (Fig. 6.) 
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Fio. 4. — Aadibility of '' Big Ben " with different Temperatnree. 
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Fio. 5.— Aadibility of ** Big Ben '* with different Amounts of Cloud. 
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Dr. TyDdall, on Janaary 16th, 1874, at the Royal Institation, gave a lee- 
tore '* On the Acoustic Transparency and Opacity of the Atmoepberey'* 
which embraced the scientific results of an inquiry on fog signals, under- 
taken at the instance of the Elder Brethren of the Trinity House. In eon- 
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Fio. 6. — ^Audibility of '* Big Ben " with differences between the Dzy and Wet Tharmo- 

metenu 

clading the lecture he said : '* The real enemy to the transmission of sound 
through the atmosphere has, I think, been clearly revealed by the foregoing 
inquiry. That enemy has been proved to be not rain, nor hail, nor haze 
nor fog, nor snow — not water, in fact, in either a liquid or a solid form — but 
water in a vaporous form, mingled with air so as to render it aconstioally 
turbid and flocculeni This acoustic turbidity often occurs on days of sur- 
prising optical transparency. Any system of measures, therefore, founded 
on the assumption that the optic and acoustic transparency of the atmofl* 
phere go hand in hand must prove delusive."^ 



DISCUSSION. 

The President (Mr. B. Inwards) said that it was interesting to find that there 
was a £Bkir degree of agreement between the amount of cloud and the audibility 
of " Big Ben." It would be interesting if the height and form of oloud oould be 
considered in this connection, as it was conceivable that a sheet of stratus doud 
would be more effectual in reflecting the sound earthwards than would douds of 
irregular form. 

^ Proceedings qfthe Boyal IrutituHofL Vol. YIL p. 178* 
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Mr. F. Gastbb said that his residence in Acre Lane, Brixton, was about 8 
mfles dae south of '* Big Ben,*' but he was sure that he heard the clock bell 
more frequently with Westerly than with Northerly winds. This curious state 
of things was to be partly accounted for by the fact that Westerly winds were 
the winds of greatest frequency, but there was one condition of pressure distri- 
bution which also assisted in producing this effect. When a depression had 
passed over London, and pressure became highest in the south, tne wind fre- 
quently was West-south-west at the earth's surface, while at a comparatively 
Btiort distance above the earth it blew from a North-westerly direction, and it 
was this upper current which conveyed the sound. 

Capt. D. Wilson-Babkeb alluded to some experiments which had been car- 
ried out in American waters, in which a distinction had been drawn between re- 
fleeted sounds and sounds which came direct. The manner in which sounds 
were heard at sea was most curious, and a small sail on a vessel had been known 
to reflect the sound of a whistle in an altogether astonishing manner. 

Mr. B. H. Scott drew attention to the reports published by Professor Mohn in 
the Annalen der Hydrographie for 1892 and 1893 of his inquirifis into fog sig- 
nals. These were conducted at the Island of Farder, in the Christiania Fjord, as 
complaints of the frequent inaudibility of the Farder siren had reached Christi- 
ania. The island is isolated, so that the sound could be tested in all directions. 
An abstract of results given in the first report will be found in the Quarterly 
Journal, Vol. XIX. p. 61. The chief fact is that sounds are heard best to lee- 
ward, and better across the wind than to windward. They travel better in warm 
than in cold weather, but under all circumstances there are great variations, as 
vet unexplained, in the audibility of sounds. They are heard better at the mast 
head tiian on deck, evidently because the sound waves are reflected from hori- 
zontal strata of air. The second report deals with an attempt to account for 
the variability of the distance at which the soimd can be heard. 

Mr. G. J. DTMONS said that when he first went to reside in Camden Town 
(which was north of Westminster) in 1857, he was accustomed to hear " Big 
Ben " twice or thrice a week ; but now, owing probably to the increase in 
buildings, &c., the bell was rarely heard more than once in three weeks or so. 
The audibility of " Big Ben *' was regarded at his house as an infjEkUible sign of 
wet weather. It was rarely heard except with wind at South-south-east to 
8outh-80uth-west, and rarely except at night, when the traffic in town was less. 

Mr. B. H. CuBTis said it appeared to him that the paper merely showed the 
relative frequency of Northerly winds at Mr. Marriott's residence, and all the 
phenomena mentioned were such as one would expect to find with such winds. 
The wind diagrams showed that the sound was only heard when the wind was 
Northerly or North-westerly, and with such winds there would of course be 
either a low pressure area to the eastward or an anticyclone to the westward, as 
Mr. Marriott said was the case; in the former cases, the depression having 
passed away to the eastward, the sky would have cleared and the amoimt of 
oloud would be small, while in the latter the sky would generally be overcast, 
and thus there would be the two extremes of cloudiness mentioned ; and in 
both cases one would expect a low, or relatively low, temperature. 

Admiral J. P. Maolear remarked that the difference in the audibility of 
the voices of ships* officers in stormy weather at sea was very remarkable, and 
strong-voiced men who shouted their orders could only be heard at a short 
distance, while weaker voices, but of a reedy quality, were audible for the whole 
length of the ship. He (Admiral Maclear), when a lieutenant, had to make 
his voice heard throughout three decks, and be found that the best way to 
accomplish this was to intone the orders. 

Mr. W. Ellis said that he also had not unfrequently heard ** Big Ben " at 
Greenwich, which was about the same distance from Westminster as West 
Norwood. That it was really " Big Ben " that was heard was known by noting 
the interval between the successive strokes in striking the hour. 

Mr. C. Habdino said that he resided at Brixton, on the south side of ** Big 
Ben,'* and always regarded the audibility of the bell as indicative of fine 
weather. Concerning the question of inversion of temperature, Mr. Glaisher 
in his balloon ascents had found at evening time an increase of temperature 
with elevation above the earth's surface, extending to a height of 2,000 feet. 

Pr. A. BucHAif said that the audibility of sound depended upon the homo- 
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feneity of the atmosphere, and vertical air currents would disturb this condition. 
n the summer there would be ascending currents with a warm temperature in 
the morning, and descending currents with a cooler atmosphere at night, conse- 
quently the hours of 9 a.m. and 9 p.m. were rather unfavourable to ike distinct 
transmission of sound. A more suitable hour of observation would be about 
4 p.m. In the rear of cyclones, when North-westerly winds prevailed, the 
atmosphere was most homogeneous, as the temperature was even and the wind 
current deep and strong. The difference between the audibility in the morning 
and evening was doubtless due to the difference in the noise m London at the 
hours of observation as well as of atmospheric conditions. 

Mr. W. Marriott, in reply, said that his observations of the audibility of 
" Big Ben " had been brought to an end, owing to his removal to a house situ- 
ated on the south-east slope of a hill where " big Ben *' was very rarely heard, 
although the distance between this and the former place of observation was 
only a quarter of a mile. The observations discussed in the paper were fiurly 
distributed over the year. The effect of tlie inverfiion of temperature on the 
transmission of sound was an interesting question, and it would be a good thing 
if a set of meteorological observations were made at the top of the Westminster 
Clock Tower. 



EARTH TEMPERATURES AT CRONKBOURNE, ISLE OF MAN, 1880-89. 

By a. W. MOORE, M.A. 



[Received April 27th.~Bead May 16th, 1894.] 

Thk following are the results of 10 years* observationB, at 9 a.m.,^ of the 
temperatures recorded by thermometers placed respectively at 1, 2, 8, and 
4 feet below the level of the ground (Table I.), as compared with the shade 
temperature at 4 feet above it, taken at 9 a.m. and 9 p.m. and 9 a.m. only, 
and with the daily minimum on the grass. Generally speaking, the results 
are very much what might have been expected a priori^ but still the varia- 
tions of temperature are curious and interesting. The highest annual mean, 
48°* 5, has been recorded at 4 feet below the ground ; 8 feet being next, 
with 48^-4 ; 2 feet, with 48"*8 ; 1 foot, with 47^*8 ; while the mean shade 
temperature at 9 a.m. and 9 p.m. for the same period was 47°*9, and at 
9 a.m. only, 49^-0. It will be noticed that all these underground tempera- 
tures, except that at 1 foot, are above the mean annual temperature, taken at 
9 a.m. and 9 p.m., at 4 feet above the ground, but this may be partly 
accounted for by the underground thermometers being momentarily exposed 
to the air' at 9 a.m., when the temperatare is higher than the mean between 
9 a.m. and 9 p.m. ; also that the variation of temperature between the differ- 
ent levels is not similar, that between 1 and 2 feet being 0^*6, between 2 and 
8 feet, 0°-l, and between 8 and 4 feet, 0°-l. 

^ The thermometers are fastened to a wooden lath enclosed in a round iron tube. 

9 The thermometers were palled up, read, and pulled down in about 15 seconds, but 
it shoald be noted that the 1 foot thermometer would be exposed a slightly longer time 
to the influence of the outside temperature than the one at 2 feet, and so on. 
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The next point we may note is that, while the thermometer at 1 foot helow 
file ground attains its maximum of 67^*2 in July, and its minimum of 
fO^*5 in January, corresponding with the shade temperature^ of 56^*9, 
send of 40^*8 in the same months ; the thermometer at 2 feet attains its 
maximum of 66°'6 in August, and its minimum of 41^*6 in February ; and 
the thermometers at 8 and 4 feet attain their maxima of 65°'9 and 65^*6, 
respeetiyely, in August, and their minima of 42^*1 and 42^*6 in March. 

It ¥rill be observed also that, at 4 feet below the ground, October is 
wanner than May ; at 2, 8, and 4 feet below, September is warmer than 
Jane ; and, at 4 feet, not only is December warmer than April, but Novem- 
ber is warmer than May, all these being the exact reverse of what obtains 
above ground. 

The temperatures below the ground tend to follow the same laws as temper- 
atures on the surface of the sea in attaining their maximum later in the year 
than on the ground or above it, and their minimum later in the year than 
above the ground. 

Another point of comparison is the variation of temperature between the 
warmest month and the coldest, which, referring again to Table I., is, at 
1 foot, 18°-7, at 2 feet, 15^-0, at 8 feet, 13^-8, at 4 feet, 13°0, that at 
4 feet above the ground being 16^*6. It will also be observed that these 
variations of the underground thermometers, like those previously referred 
to, are not similar, that between 1 and 2 feet being 1^*7, that between 2 and 
d feet, 1^*2, and that between 8 and 1 feet, 0°*8. 

TABLE I. — MxAN MoNTHLT Gboxtnd Tjsmpbbatuhxs, at 9 A.M., 1 880-1 889. 



Month. 


Below Groand. 


On Groand. 


Above Groand. 


I ft. 


2 ft. 


3 ft. 


4 ft. 


Grass Min. 


9 a.m. 

and 

9 p.m. 


9 a.m. 


January .... 
Febraary .. 
March .... 

April 

May 

Jane .... 

July 

Aagast .... 
September . . 
October . . 
November . . 
December 



40-5 

407 

405 
439 
490 

54-4 
57-2 

570 

54-4 
490 

45'2 
41-8 




417 
41*6 

41*8 

442 

48-4 

535 

56-4 
56-6 

54-8 

50*3 
467 

43*6 


1 

425 

42*1 

42-1 

44*1 

47*9 

52*4 

55*4 

559 

547 
51-2 

476 
44*5 

484 



43*2 

427 
426 

443 
476 

517 
550 

556 
547 

51-5 
482 

45*3 



323 
34*0 
31*8 

34*5 
38-6 

43*9 

477 
466 

43-8 

385 

35*9 

317 




403 
407 

408 

44*6 

49*5 
550 

569 

569 

54*5 
48-6 

45*2 
41-4 




403 
41*2 

41*6 

460 

51-4 

571 
588 

58-9 
563 
49*8 
456 

41-4 
490 


Tear 


47-8 


483 


48-5 


38-3 


479 



It is curious, too, that the greater variation at 1 foot below the ground 
should be slightly more than at 4 feet above it, but this is partly caused, no 



1 These comparisons are made with the temperatare at 9 am. and 9 p.m., not with 
tbi^t i^t 9 a.m. only. 
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4oQb«« bj 1^ iormet tempentanm being taken at 9 ajb. only wfaaa ttie toni- 
p«ntoe ¥vi« man tbaii as 9 pan. Hw tisennomatflr at 1 fiwi below the 
grooDd K^uScn, as mi^t hav« been expeeled, ttie loveii tenqperalorea 
of sbe foar in iIm ccUetit moothft, tiz. Jannair, Febraaiy* Mareb, i^rilt 
Ociober. XoTcmber^ and Deeember, and tbe bigheei len^eratarea in tbe 
vanMat, riz. Mat. Jaae, Johr. and Aagosl. 

As K^aids tlM tbermoiDettfs as i and 8 i£€t. tbaft at 8 fiMi » 
MUtt m Aprl Haj, Jsa^, Jabr, Aogut, and September, and edider in the 



It vin (« s<cn ikis in a3 eiaw there is pra(etieaU]r no lise oC temperaftore 
frvca the k>vess pc^ns till Aprl and that it then inereaaes lev nfidlj at S 
Cwc ^:aa ss 1 {.<«. a: 3 fM than at i U^ and at 4 feet than at 8 feet, till 
biecw«ien J;me and Jalr. what the proeeas is lei ei aed and the lowest ther- 
BocKter izKraistf z>:»3 np^^T- Between Angost and September a geoeral 
^Kraaw be^riz^is. l«:2 3^>5S nphi at 1 &)ol» and least rapid at 4 fiwt, and bo 
coctinses till briv^^s IVE^tsibcf aal Jaanarr, when the lowest thomometer 
again lieKieois sb^ks rapeibr. 

It vil W ohstK^ned £rvtt TabAe IL that the tanperatve under the groond 
Taritf kc» 3v>ci t^^u- v> j^kr than that aboTe it. Thns, in the jears before 
as the Tviir 1S61. Y.ir-"g an aT««^ ci the tempeiatttres at torn 1 to 4 feet, 
was the codie^s bcch ckm^v aai aK>T« ^roos-d. and the jear 1884 tbe warmest. 
Tbe =Min di5cx>sce Mw««& the taqKcatore below groond of 1884 and 
IS^I v^fcs I'^T. a;zd tbai ah?T« gnxmd 2= 
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E^?v 


Gn^siL 






' Abofv 


X<iftr^ 










GfM* 

Mxa. 


Groud 












I ft. 


tft 


3«t. 


4ft. 


. 4ft. 


:52?c 








4^ 


3 


' 2 
4S-4 


1J5>: 


4'-%? 


4*^ 


'»*"5 


4r* 


yr9 


468 


iJ^i 


4>C 


*>"'9 


♦J i 


♦r« 


.^kTO 


4S-6 


i>c>jt 


*" 5 


♦5-cc 


4.>-'J 


4*-4 


591 


1 ♦r* 


i^csi 


*>-^ 


4^Z 


♦J3 


49'3 


39-3 


49^ 


r5:>^ 


**v 


**^ 


4r7 


4r9 


sr^ 


4/ ^ 


:5!* 


^^ i 


*-5 


*•-* 


^•^ 


3*4 


' 4r» 


:5o^ 


4'"^ 


*>* 


*>-« 


*i5 


36ri 


47-s 


ij^S> 


*^ - 


**> 


*•* 


4^0 


3r^ 


4r5 


:>5sj 


4.>'C 


*JV 


*5'4 


49^ 


373 


4S-S 



Then? A^-jvATs :o Sf vvci^M^T^jlT T«y liKfc rauKeiioci between the 
bMn|.vr:ft:urv ci: ::v i:rvNJL::d c^ksj- *ai b*^ilOW it. as the temperalores below 
tb* >;?vHWii K^5h. trv^iit yvar w Yieur iai frvm sDjontb u> miofith. follow tboee 
al 4 &^ aK^w :h)e jcrvcawL :iti>:ii aicw ckiwir (bsia thotse on the gruonL 



W. \V. M K^ Kr **id :>jn bA^irjc rw^fcal^ Itdd occMctx to make an xn\«.u». 
Ussix vv^Nviriu-^ ^-<i:- 5^t>:^c*3ju-v^ ic^ >i:K«ica bdii Mii» in bis mindasto 
jtw4l^4r A *.Vrus.>tu<«^r srttviciwvi - jl^: ircc ?a(« «z:k m tb« wtl was the hmmk 
fcvfiu .^ ^v^v^utN' \^r *=«vrt*iai3;^ mw wmjifwBaw ^ the eanh. In ofdwto 
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satisfy himself on this point he had a special thermometer oonstmcted and 
buried in the eoil, ita bulb being two feet below the surface, and compared its 
indications with those from a thermometer placed in an iron tube (the usual 
form of earth thermometer) at a similar deptn in the ground. The results of 
this comparison showed that the indications of the two instruments accorded 
very closely, ihe thermometer in contact with the soil reading about 0°*5 lower 
in cold weather, and the difference becoming less in warmer weather. The 
comparative observations were carried on from February to May of the present 
vear, and were brought to an end through the breakage of the thermometer 
buried in the soil. 

Mr. J. G. Stmons said that the statement made by Dr. Marcet was very 
satisfactory, as he (Mr. Symons) had always advocated the exposure of earth 
thermometers in iron tubes. A comparison between Mr. Moore*s observations 
and the results of a series of 21 years' similar observations at Munich, published 
by Dr. E. Singer, showed that both agreed very well together, and followed the 
known laws concerning the distribution of temperature below the earth's 
surface. 



Fogs reported with Strong Winds during the 16 years 

1876-90 in the British Isles. 

By ROBERT H. SCOTT, M.A., F.R.S. 



[Received May Slst.—Bead Jane 20th, 1894.] 

In the paper which I had the honour of submitting to the Society in June 
1898, and which was printed in the Quarterly Journal, Vol. XIX. p. 229, 
attention was drawn to the instances of the occurrence of fog with forces of 
wind of 6, and upwards, on Beaufort*s scale, and that portion of the paper 
received special notice in the discussion of the entire communication. 

It has since struck me that the conditions under which these fogs were 
reported were worthy of further study, and that the Society might possibly 
tolerate a further notice on the subject. I venture therefore to submit the 
results of some investigations into this somewhat obscure phenomenon. 

Firstly, the conditions of pressure under which these fogs have been re- 
ported have been examined, in order to learn whether these were cyclonic or 
anticy clonic. 

Secondly, the actual weather reported on each occasion has been noted, 
whether simply ** f," or qualified by any other letter or letters, such as 
•* o, u, d, f," (overcast, ugly, drizzle, and fog,) which was the report for 
Dover on November 28th, 1878. It should be remembered that these letters 
are intended to convey an account of the weather which has prevailed during 
the preceding twenty-four hours, and that they do not imply that all the 
different phenomena described appeared at once. 

Thirdly, there have been extracted not only the temperature for the hour at 
which the fog was reported to have bean present, but also the maximum 
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temperature for the 24 hours to which the observation belonged. It is evi- 
dent that if the fog occurred at 6 p.m. this maximum temperature, recorded 
next morning, represents the true maximum for the day on which the fog 
was reported ; but that if the fog was reported at 8 a.m. the maximum 
temperature then observed would refer to the 24 hours preceding that 
particular epoch. 

Fourthly, the rain has been extracted for the preceding and the succeed- 
ing days, except in the case of the 6 p.m. fogs, where the only entry is that 
for the day of which 6 p.m. is nearly the middle point, that is the rain 
reported at 8 a.m. next morning. 

To each case a few notes are appended, as to the general conditions of 
pressure and weather prevailing at the time. 

In the first place it should be remarked that these fogs do not occur 
with typical anticyclonic conditions. This fact |is obvious, inasmuch as a 
wind force of 6, Beaufort scale, implies steep gradients, and these are incom- 
patible with the existence of an anticyclone. The fogs can only occur on 
the outskirts of the anticyclone, and as usually cyclones press rather closely 
upon anticyclones, it is often somewhat difficult to decide to which system the 
reported fog properly belongs, whether to the cyclone or the anticyclone. 
Al attempt has, however, been made to form a judgment on each case, and, 
as a result, the accompanying table is submitted, showing the number of the 
fogs attributed to each category, referred to winds from each quadrant of 
the compass. 

As to the total number of strong wind fogs, the number given in the 
original paper was 128, but subsequent inquiry had added 7 to the list, and 
the total now given for the 16 years is 185. 

The following is the classification : — 



Win '8 from 




Qyclonic 




Anticyolonio 

or 

doabtfol 




To 


N toENE 


... 


7 


••• 





. • ■ 


7 


E toSSE 


... 


13 


••• 


5 


... 


18 


S to WSW 


... 


81 


••• 


14 


... 


95 


W toNNW 


•»• 


7 


... 


8 


... 


15 




TotAl 


108 




27 




Lq.^i 



In 12 instances fog was reported at more than one station at the same 
hour. 

As regards precipitation, it need scarcely be said that in general none 
occurs with ordinary fogs. In the case of the strong wind fogs, now under 
consideration, this is far from being a correct statement, although dr3mess is the 
predominant condition of those classed under anticyclones. Of the 27 cases 
of the latter class of fog 21 were dry, or at least UDaccompanied by as much 
as O'l in. of rain. Of the 108 cases classed as cyclonic fogs only 30 were 
dry to the same extent, and 78 were either accompanied with, or followed 
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immediately by, rain, sometimes heavy, and in 18 cases exceeding half-an- 
inch. It is therefore evident that the majority of these fogs are essentially 
wet fogs. 

We now come to the question of the temperature accompanying these fogs, 
and here a very remarkable relation comes out. The temperature at the 
epoch of these fogs is not uncommonly the maximum temperature of the day. 

All the cases have been picked out in which the temperature at the time 
the fog was reported either agreed with the maximum for the day or fell 
only 1° below it. 

Of the 27 anticyclonic fogs 11 fulfilled this condition, and of the 108 
cyclonic fogs 61 fulfilled it. 

Accordingly, out of the whole number of 185 fogs no less than 72, or 54 
per cent., occurred with temperatures either agreeing with, or very close to, 
the maximum for the day. If we take in the temperatures difiering 2° from 
the maximum we increase the total of warm fogs to 92 and the percentage 
to 69. 

Such a condition as this is rare in the case of our ordinary calm weather 
fogs. These occur usually with a sky clear above the fog, as is evident to 
everyone, and when radiation is consequently active ; for frequently when a 
fog is dense enough at the surface of the ground, the sun, or moon, as the 
ease may be, is visible through the fog, whereas any ordinary cloud suffices 
to obscure these luminaries entirely. However, this question of the relation 
of fogs in general to temperature seems to promise further results of interest, 
and it may be possible to find material for further communications if the 
Society should wish to receive such. 

It appears interesting to examine into the relation of these strong wind 
fogs to storms. They sometimes occur with actual gales, and there were 11 
such instances among the fogs classified as cyclonic. No less than 25 cases 
are put down as '' preceding severe gales." That fogs sometimes occur just 
before gales is well known, and several such instances will occur to most 
persons' memories. They are frequently only the last dregs of a regular 
anticyclone fog, to be dispersed by the incursion of the gale. 

All the consideratioDS put forth in this paper appear to show that we have 
had to deal with a class of phenomena quite distinct from those accompany- 
ing the typical fogs of a London winter. 

The fact of a high temperature heralding a winter gale is well known, and 
as these strong wind fogs occur much more frequently with winds from the 
quadrant from South to West- south-west than with other winds, the Southerly 
winds being the winds in the front part of the cyclonic system, it may be 
expected that the fogs will also be accompanied by high temperature. 

The overwhelming majority of these cyclonic fogs with South-westerly 
winds — 81 out of 108 — and their much greater prevalence on the south-west 
coast (Scilly, Pembroke, Prawle Point) than elsewhere, point distinctly to 
their marine origin. They come in to us from the Atlantic Ocean. 

They are apparently very thick mist, or very dense rain, and, in my 
opinion, as expressed in my previous paper, they should not receive tb9 
n^me of '' fog,*' but that of " mist," 
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DISCUSSION. 

Capt. D. Wilson -Bakker said th&t he entirely agreed with Ur. Boott'g dnfi- 
nitioDB of fog and miit, and had always redded mist oa being more or le«a 
moist. Although the fog obHervations dealt with in the paper had been claoai- 
fled tmder two beads, vii. cyclonic and anticyclonic, he had no donbt that there 
was a well marked area between ojclonio and anticyclonio conditions where foga 
m^ht be met with. 

Staff Capt. TiZARD said that a better definition of what was comprised in the 
term " tog " was greatly needed. He noticed that in the tables, bdow 1 

entered as acoompanyinf; (og at two of the stations. Ho had never tiimi 

observed fog and snow smiultsjieDiiBly, and was inclined to think that the con- 
ditions of weather daecribed nnder the term " fog " in each of these cases was 
■imply a state of the atmosphore which a seaman woold describe as " dirty 
thick weather." The observations used in the tables were all &om land stations, 
and it appeared desirable that these should be compared with snch observationB 
on the adjacent seas as might be available. His own idea of fog was that con- 
dition of the atmoflphere unaccompanied by any precipitation, in which objects 
at a distance of half a mile were obscnred ; and he should describe the fog as 
thick when objects 100 yards distant were not visible. Some scale of fog 
measurement, by means of the degree of visibility of enrronnding objects, seemed 
necessary. 

Hr. C. Harding said that the weather authorities in the United States isatied 
(brecaste of fogs over the banks of Newfonndland, baaing their predictions upon 
the movements of areas of low preesure, it being, of course, evident that when 
the wanu air in the front of a depression met the cooler air over the cold Aretio 
current flowing over these banks, thick fog must naturally result. Did the 
term " in a gale," which frequently occnrred in the tables accompanying the 
paper, mean that the fog occnrred m a gale, or merely that it was observed in a 
Cyclonic disturbance ? He had consulted the charts of the weather over the 
North MUntio Ua each da; during the thirteen months, Angost ieS3 to August 



DISCUSSION— TOGS BEPOBtSD WTT^ STBONO Wnit>8. £dl 

1883, as pnblished by the Meteorological Council, in order to see whether fog 
nsoally prevailed when gales were blowing, and had found that it was quite a 
common occurrence for mist to be observed with ^ales, especially on the 
southern side of depressions. As all the stations used m Mr. Scott*s mvestiga- 
tion were situated on the coast, it appeared desirable to consider the tempera- 
ture of the sea as well as that of the air. 

Mr. F. Gaster said that he hoped this paper would assist in getting rid of the 
confusion which existed in the use of the terms " fo^ '* and *' mist," these 
terms being intended to describe two distract classes of phenomena, the one 
existing with a low temperature, a high barometer, and a calm and dry atmo- 
sphere, while the other prevailed when the barometer was low and the tempera- 
ture high, the wind being strong and the air damp. These two conditions only 
possessed one common characteristic (that of obscuration), and it was a great 
mistake to register both phenomena under the same name. As regards the 
effect of these two varying atmospheric conditions upon the human body, a 
physician had recently told him that while the one caused excessive irritation of 
the mucous membrane, the other had no such effect, but was chiefly detrimental 
to health through produciag severe colds. It had probably been often noticed 
that in an anticyclone, when dry and cold fogs occur, a change would take place 
without any apparent cause ; but he had found, on oarefiilly looking into such 
instances, that the alteration in atmospheric conditions was brought about by 
the formation of a very shallow disturbance at the time in the neighbourhood 
of the district affected. 

Mr. B. H. Curtis thought some confusion was likely to be caused by the way 
in which the term ** dry fog '* was used. Disregarding the smoke fogs of Lon- 
don and other large manufacturing towns to which they were peculiar, and 
which were generally dry and always irritating enough, the fogs which were 
experienced in rural districts and at sea were invariably composed of water 
parttdes, and that being so, it could hardly be correct to call them ** dry *' 
under any conditions. It was true that at times these water particles were 
more minute than at others ; and if the fogs were considerea simply with 
respect to their power of wetting snrfEbces exposed to them, some were rela- 
tively dry as compared with others, the fog becoming wetter as its constituent 
water particles became larger and more numerous, which again was a condition 
largely due to the temperature of the bodies of air whose conmmigling was 
usually the cause of the fog. Mr. Scott had remarked in his paper that the 
fogs generally occurred with the maximum temperature of the ^y, but was it 
not the case that when fog prevailed the temperature was steady and no daily 
range was apparent ? 

Mr. G. J. Symons said that until Mr. Curtis had spoken he thought he saw a 
solution of the difi&culty of deciding between fog and mist, fog being a dry ob- 
scuration of atmosphere, and mist a wet obscuration, consequently " sea fog ** 
would have become ** sea mist " ; but, as the last speaker rightly said, a dry fog was 
really a most uncommon occurrence, and was, in feust, an artificial production, 
so that the settlement of the difference between the phenomena described by 
the terms " mist " and " fog*' appeared to be no nearer than before. Mr. Soott*8 
paper was imdoubtedly a valuable piece of work, but hardly concerned London, 
as all the data referred to seaside stations. Regarding the visibility of objects 
in fog, he should be glad to know whether the visibility of an object through fog 
was entirely dependent upon the angle subtended (allowance, of course, being 
made according to distance and illumination), or whether absolute magnitude 
had anything to do with it. The degree of visibility during a fog depended on 
the amoimt of iUumination. 

Mr. H. N. Dickson said that there appeared to be a simple physical explana- 
tion of the difference between mist and fog. In fog, vapour was condensed on 
dust nuclei from an unsaturated atmosphere in suf&cient amount to make the 
particles visible. London fog required little vapour for its formation, for the 
dust particles were originally large and easily cooled by radiation, and a slight 
increase of size was sufficient.^ At sea the dust particles were saline and at- 
tracted moisture. When the air was saturated or nearly so the fog particles had 
each an increased allowance of water, and parted with it to surrounding objects, 
the characteristic of mist. 
Mr. R. H. ScoTr ia reply said that the obserrations of fog were taken as ro- 



i6i DISCISSION — FOGS BE^BTED WitH STBONa WDlM. 

ported by the observere in the Daily Weather Report at 8 a.in. and 6 pjn. It 
was a difficult matter to consider fogs in relation to the centres of cyclones and 
anticyclones, as it could not frequently be determined where the oydone began 
and where the anticyclone ended. No ships' logs had been taken intooonsidcnra- 
tion, and, in fiEbct, there were very few observations from ships* logs dose to the 
coasts, as many ships did not conmience to keep logs until quite dear of the 
British Islands. A scale of visibility of objects at known distanoee, tot the pur- 
pose of measuring the amount of fog obscuration, had been arran^^ at the Kew 
Observatory and carried on for two years, but some difficulty, chiefly due to un- 
equal iUumination, had been experienced in making observations. The objects 
observable were also all situated in directions from north-west round by east to 
south-east; the rest of the horizon being limited by Bichmond HiU or by 
trees. As regards the issue of forecasts of fog for the banks of Newfoundland, it 
must be remembered that there was no similar condition of ocean currents pre* 
vailing in the seas round the British Isles as was the case at Newfoundland. 
The note " in a gale," to which Mr. C. BEarding had drawn attention, was in- 
tended to mean that a wind force of 7 or 8 was observed somewhere in the British 
Islands at the time of the occurrence of the fog. As regarded the use of sea 
temperatures in connection with this investigation, very few satisfactoi^ and 
trustworthy observations of sea temperature were available, and he (Mr. Scott) 
did not anticipate that sudden changes of sea temperature would he found to 
occur. 
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Thebe is probably no branch of meteorology about which so little is really 
known as wind measurement, and yet there is no other which is of more 
general importance or which is more far-reaching in its bearings upon other 
branches of the science. But directly we get beyond the general statement 
that wind is a result of solar action, and ask more particularly as to the caosei 
by which its infinitely varied movements are determined and governed, we find 
ourselves in a domain in which theory abounds, but in which ascertained facts 
are conspicuously rare. We know, for example, that some relation exists 
between barometrical gradients and wind force, but of the causes which pro- 
duce those gradients, and modify them, by varying the intensity of areas of 
high or low pressure, we know scarcely anything at all. And not only is 
this true as regards the broader features of the subject, but it is so also with 
respect to details as to which it might have been supposed that meteoro- 
logists would long ago have found out all that was to be known. For years 
have had all over the country an army of observers, most of whom are 
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eDtbasUstio and inteUigent, and yet after all Uiey have done we still know 
next to nothii^ as to the majiner in which the wind blows, of its stivngth or 
velocity, of the nature of its pulsations, its eqaalls and its lulls, or of the way 
in which its dynamic force is exerted upon obstacles opposed to its path. 

Or if we look at our instruiueutal appliances for obtaining information on 
these points, we find a, state of things which may fairly enongh be termed 
chaotic. We stilt use without comment appliances yielding results which are 
at least doubtful to a very high degree ; we put our anemometers up on sites 
which we know are fatal to their integrity ; and quietly ignoring ascertained 
facts respecting them, we still use the results obtained from instruments of 
different patterns, and known to be in their present state non- comparable, 
as if they all meant one and the same thing. 

I have long felt it to be a fair matter of reproach to meteorologists, that 
while this is the state of the case so litUe effort shonld be made to remedy it. 
Of oonrse I know perfectly well the inherent difficulties in the way of advance 
in certain directions — perhaps no one knows them better, — hut still there 
are some branches of the subject in which I venture to think that very much 
might be done by intelligent observers, even without elaborate mechanical 
appliances, if only systematic and thoughtful attention were given to them. 

I have mentioned these matters, since they afford the reason why I have 
brought the present paper before the Society, for they appear to me to joatify 
one in making any contribution, however small, to our knowle^e of a sub- 
ject about which bo little is known. 

In a paper' which I read before the Society in 1881, 1 drew attention to 
the evidence of very high velocities of wind which was afforded by the traces 
obtained from the Robinson Cup Anemometers at some exposed stations. I 
pointed ont that although the records of that class of instrument were not well 
suited for giving velocities for short periods, owii^ to the great reduction 




Fio, 1. — RecordiDg portion of the BobinBon Anemometer, 
which the revolutions of the cups underwent before registration, yet the traces 
often showed decided angular changes which clearly indicated that large in- 
creases of velocity took place, but which, lasting only for a short time, were 
I QtiaTUrlji JourtuO, YcL TIL p. SOS. 
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not recogniBable in the general resnit obtained when the nm of the onps 
over sixty ooneecative minatea was measured, as ia nanallf done in tabnlat- 
ing the records. In the large size Anemometer, with D inch cnpB and arms of 
2 feet radins, the recording portion of which is ebown is fig. 1, 7,000 revo- 




Fia. 2. — Bridlod Anemometer. 



intiona of the cnpa are required to prodace a piece of trace 2} inches long, 
representing Ibe passage over the inetmment of 60 miles of wind. The 
ease is eimilar to that of a train which makes a nm of so many miles in an 
honr, bnt which does so by ronning at varying speeds, slowly op steep 
inclines and rapidly down others, the slower and the faster rates being 
merged in the actnal nett result for the bonr. 

Since then I have had opportnnities of more thoroughly stQd3rlng this 
sabject from other points of view, and I wish now to call attention to some 
eonclnsions I have obtained, mainly from a study of the records yielded by 
the Bridled Anemometer, devised by Sir Oeorge Q. Stokes, F.R.S., and 
erected by the Meteorological Coancil at Holyhead. 

The construction of this instmmeDl will be onderstood by a reference to 
fig. 2. It consists of five hemispherical cnps attached by short ums to m 
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vertical spindle, apon which they are arranged spirally and in such a way 
that no cap shall interfere with the one immediately behind it. The cups 
and spindle are not free to revolve with the wind, as in the case of the 
Robinson instrument, for their movement is checked by weights which 
have to be lifted as the spindle revolves, and the amount of torsion of the 
spindle is therefore the measure of the wind's force. The instrument, it 
will be seen, belongs to the class of pressure anemometers ; but since the 
pressure varies as the square of the velocity, it has been designed so as to 
give an equal scale of velocity throughout. A large cylinder carries a sheet 
of paper which receives a record of every movement of the cups, and there 
is an arrangement by which the time-scale, which is normally seven-tenths 
of an inch to the hour, can be doubled, or if desired enlarged to about 
48 times its normal size, or even more. 

With the most open scale it is possible to follow every movement of the 
wind, and to obtain a good deal of insight into the manner of its working, but 
with the normal scale the gusts in gales of wind follow each other in such 
quick succession that the pencil produces a broad band of shading eztendiog 
over some miles on either side of the average velocity, and it is only the 
gusts and lulls which extend beyond this belt which can be singled out from 
the others. 

This instrument throws a considerable amount of light upon the question of 
maximum velocities to which I just now referred. For the reasons I have 
mentioned it is of course almost impossible to correlate individual gusts with 
the indications of increased velocities shown on the Robinson curves, but 
it is possible to do so with groups of gusts, and the comparisons of the two 
which I have made show that the estimates quoted in my paper were not 
far from the truth, when a proper allowance has been made for the fact that 
they were based on the assumption that Dr. Robinson's original factor (8), 
for the relation between the motion of the cups and that of the wind, was 
correct. I may mention that the scale of the Bridled Anemometer is based 
upon data recently obtained by Mr. Dines, and it will be remembered that 
other of his experiments led him to conclude that the factor (8) was about 
80 per cent, too large. 

The highest force of an individual gust that I have met with on the Bridled 
Anemometer was registered in December 1891, and amounted to a rate of 
115 miles per hour, which with the old factor would be equivalent to a rate of 
about 150 miles per hour. Gusts at a rate of from 90 to 100 miles per hour 
have many times been recorded, but the usual limit for gusts in a strong gale 
may be taken to equal about 80 miles per hour, which on the old scale would 
be equivalent to about 120 miles per hour. It is necessary to bear in mind 
these old scale equivalents, because it is with them that the maxima formerly 
quoted must be compared. 

The record obtained from the Robinson instrument will depend very much 
upon the character of the wind, and for this reason it is not always a very 
safe guide in forming a judgment as to the intensity of a gale. If a high 
hourly mileage is registered there can be no doubt that a very strong wind 
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most have prevailed to prodace it, and yet it is possible that an even more de- 
Btmctiye and dangerous wind should have prevailed with a smaller mileage 
indicated by the instrument ; indeed, I have come to the conclusion that 
whilst the positive evidence of the Robinson instrument is valuable, its nega- 
tive evidence must be accepted with the greatest caution, and is indeed worth 
little. These records are sometimes produced in Courts of Law as evidence 
when litigants wish to show that a gale did or did not prevail ; in the latter 
case it would be only necessary to ask whether a heavy transient squall could 
not have occurred without its being indicated upon the trace in order to 
destroy entirely its value as evidence upon the point. 

As a matter of facit gales differ in character very much, as indeed do also 
winds which do not attain the strength of a gale. As the result of a pro- 
longed study of their general features, as recorded by the bridled anemo- 
meter, I have for my own use divided them into three general classes,- within 
which there are, of course, some fairly wide limits for variety. 

In the first class I place those gales which are essentially squally in charac- 
ter — in which the gusts constitute the main feature of the gale. In such a 
case the gusts and lulls alternate very rapidly, and indeed the wind is never 
constant in force for many seconds together. Usually it oscillates over a 
range of perhaps 10 or 20 miles at a mean strength of probably 40 miles per 
hour, but every now and again it bursts out with a velocity of possibly 40 or 
50 miles an hour above the average, and after a few seconds sinks to a rate of 
10 or 20 miles below it. This is certainly the most usual character of the 
gales experienced on our coasts, although such gales vary immensely as 
regards the strength and frequency of the gusts and lulls, and also as to the 
average velocity of what may be called the '* normal of the gale." 

The trace which the bridled anemometer would make in such a gale may 
be thus described. At that part of the scale indicating a velocity of (say) 
80 to 40 miles per hour there will be a band of flat shading, caused by the 
innumerable passages backwards and forwards of the pencil as it ranged 
over those limits with the oscillations of the wind, this is what I have termed 
the ^* normal of the gale ;*' above this band will be a less dark fringe, passing off 
into more or less isolated lines, made by the stronger gusts which have carried 
the pencil beyond the usual limits ; while every here and there, at intervals 
of perhaps a few minutes, lines will start up, generally two or three quite 
close together, far above any others, marking the extreme limits of the gale. 
At the bottom of the belt of shading a similar appearance will be found 
caused by the lulls succeeding the gusts, but generally extending over a much 
more limited range of velocity. Fig. 1 (Plate V.) is a reduced reproduction 
of a portion of the record of such a gale, in which, however, the " normal " is 
much higher, whilst the range of the gusts above it is less, than is com- 
monly the case. 

The frequency with which the gusts follow each other varies, as I have said, 
immensely. I have, however, made an attempt to count them in cases where 
the use of the most open time- scale would allow of my doing so, and I think 
I may say that in an average gale the ordinary gusts follow each other at ia- 
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tenrals of aboat 10 to 20 seconds, while the extreme gusts occur at the rate 
of about one per minute. I only put this forward, however, as an approxi- 
mation for the case of an average gale. 

The range of velocity covered by the squalls is another point upon which 
gales differ very largely. In those to which I am now referring — ^squally 
gales — a range in rate of from 40 to 50 miles per hour above the " normal '* 
is common, and may, I think, be regarded as a fair range for the extreme 
gusts in a fairly strong gale, while in a similar gale a total range of rate, from 
the lull to the following squall, of from 60 to 70 miles, or even more, is not 
unusual. 

My second class of gales are those in which the velocity of the wind is toler- 
ably steady, much steadier than in the first. The <* normal ** of the gale 
covers a much smaller range, perhaps not more than a rate of five or six 
miles per hour, and the gusts are far less severe ; and I have noticed that 
generally they are not accompanied by lulls falling much below the ''normal,*' 
or if the lulls are frequent then the gusts above the '* normal " are com- 
paratively few. This is a rather curious feature, but I have noticed it in 
several casep. Figs. 2 and 5 (Plate Y.) are reduced facsimiles of portions 
of traces produced by gales of this class, the time-scale used in fig. 5 being a 
very open one. 

The trace in this instance would be very different from that I have 
just described. The band of shading is much narrower, and as a rule far 
less flat, whilst the isolated lines above or below are much shorter and per- 
haps less numerous. It does, however, sometimes happen that the " normal " 
is even higher than in some of the more violent squally gales. 

My third class should perhaps have been the second, inasmuch as it is 
a distinctly squally variety of gale. But the characteristic by which I 
distinguish it is peculiar. The record made by the anemometer has two *' nor- 
mals," connected by a lighter band of shading, as shown in fig. 8 (Plate Y.). 
Indeed the gale appears to be made up of two series of rapidly succeeding 
squalls, the one series at a comparatively low rate of velocity, the other at a 
much higher one, the wind-force shifting rapidly and very frequently from 
the one series to the other. Examples of this class of gale are not very 
common, but those I have seen have been very well marked. 

The trace in this case would show a very broad band of shading, with the 
upper and lower limits much darker than the centre, and having a good 
many isolated lines indicating gusts of considerable intensity projecting above 
the upper limit. 

Betore leaving the subject of gusts there are two other points to which I 
would like to call attention, and the first is as to their duration. As I have 
already said, the bridled anemometer is provided with an arrangement by 
which a time- scale of about i an inch to the minute can be used, and when 
this is in use in a gale of wind the duration of the gusts can be very fairly 
judged. In many instances they are very sudden in their occurrence ; 
the rate rises to the maximum with gieat rapidity, remains there but an 
instant, and falls back again as quickly ; the whole thing lasting but a seoon4 
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or 80. In many cases, however, it is different. I find with the bridled 
anemometer the same thing as I have since witnessed, times without num- 
ber, with Mr. Dine8*s pressore tube anemometer, and wHich is the 
second point I wish to mention. The gnst does not rise to its maxi- 
mum at one bound. The pen or pencil rises some distance, then pauses, 
and perhaps recedes slightly, it then starts upwards again, and perhaps 
makes another pause before it finally reaches its maximum. When there it 
seldom rests long, but falls again as it rose, in stipes, and I have measured 
many cases in which the gnst remained at about its maximum, falling and 
rising 2 or 8 miles only, for several seconds ; indeed, in one case, of which I 
have a note, it did so for more than half a minute, during the whole of which 
interval the velocity did not vary more than 6 miles. The action of the 
instrument under the influence of gusts and lulls is well shown in figs. 4 and 
5 (Plate v.), in both of which an open time-scale was used. 

The only other point to which I wish now to refer is one to which I do 
not think attention has been caUed before. On looking carefully over these 
records I have found, oftentimes very distinctly marked, a long pulsation in the 
wind force which recurs again and again with more or less regularity at 
intervals of perhaps 20 minutes or half-an-hour in some cases, and in others 
at longer intervals of about an hour, more or less. What I have before 
termed the *' normal of the wind force*' rises gradually, and as gradually 
subsides again ; the quicker and larger oscillations of gusts and lulls going 
on all the while and quite independently of this long period oscillation. In 
some cases this phenomenon is more marked than in others, but it is very 
common, and I am inclined to think that in many instances where it is not 
very apparent its absence is due really to the more casual oscillations having 
in some way obliterated it. 

Generally it is best seen on the traces by foreshortening them somewhat, 
and so getting a more generalised view of them, but in plenty of instances it 
stands out, as in fig. 6 (Plate Y.), evident enough without doing this. The 
most violent gales are not those in which it is best seen ; a moderate gale, or 
a strong wind which falls just short of the strength of a gale, are perhaps 
the cases in which it shows itself roost evidently. When the gusts and lulls 
very rapidly succeed each other, and at the same time coier a wide range, it 
is less apparent without foreshortening. This feature of the wind-force is 
also shown very distinctly on the curves yielded by Mr. Dines's new pres- 
sure tube anemometer ; and the regularity with which it recurs throughout 
the whole continuance of a gale, as well as the fact that it is of such 
common occurrence, leads me to think that it very probably plays an import- 
ant part in the general movement of large masses of air, such as are involved 
in gales of wind, and that it is a phenomenon well worthy of further investi- 
gation. 

The phenomenon is not to be confused with the 'passing gust which comes 
and goes in a few seconds, and in which the velocity probably rises con- 
siderably before it dies away again. In the case of the long pulsation the 
increase in the "normal" is always gradual, and may be very slight, 
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although very evident, and the pnlsation is certainly not shown in the hourly 
measurements of Telocity, owing to the fact that its period is fairly uniform, 
and therefore its effect becomes distributed pretty equally. 

In conclusion, I beg to express my thanks to the Council of the Meteo- 
rological Office for their permission to make use of the curves of the 
Bridled Anemometer for the purposes of the paper. 



DISCUSSION. 

Mr. W. H. DiKBS said that he quite agreed with everything Mr. Ourtis had 
said with reference to the chaotic state of anemometrv, and as an instance he 
might mention the way in which the hand rail of the ladder by which the 
obMTver ^t up to the cups was sometimes left projecting, so that ^e eddy from 
it would just catch one side of the instrument as it turned. He was glad Mr. 
Curtis had based his results upon the Bridled Anemometer at HolvhcMhd, as he 
Uiought that was the only trustworthy pressure instrument from which we had any 
records in England. He might state that he had constructed a scale for this 
anemometer at the request of the Meteorological Council. The identical 
eups now in use at Holyhead had been sent to him, and he had tried 
them at speeds up to 70 miles an hour upon the whirling machine at 
Hersham. The velocities quoted by Mr. Curtis were theremre quite in- 
dependent of any question about the value of the factor of the Bk>bin8on 
cups. He had obtained the pressure upon a square foot circular plate on the 
aame whirling machine, and by precisely similar methods, and hence he could 
state positive^ that the highest wind pressure ever recorded at Holyhead was 
about 86 lbs. per square foot, corresponding to Mr. Curtis's 115 miles per hour, 
and about 20 lbs. would correspond to the gusts of 80 miles per hour. This 
was remarkable, since Holyhead was one of the windiest stations in the British 
Ides, yet pressures of 80 lbs. were quite common at many other stations inland, 
Bidston particularly, where 00 lbs. per sauare foot had been registered. He thought 
it was explained by the fekct that the Bridled Anemometer was ^stworthy, whereas 
the records of the pressure plates were utterly unreliable in so feur as muTimTim 
pressure was concerned, on account of the unsatisfactory way in which the 
pencil was connected with the plate. Mr. Curtis had found that with an 
average or ** normal * velocity of 40 miles per hour, a maximum of 80 or 90 
might be expected in the gusts. At Oxshott he had found that the maximum 
was generally about double what Mr. Curtis called the normal velocity, and the 
relation seemed to hold for light as well as strong winds. It was noteworthy, 
however, that when the temperature was high the ^*ind was always more gusty, 
also at Oxshott the South-south-west and North-west to North winds were 
eepeciaUy gusty, but this was probably due to the fact that to the south-south- 
west and norm-north-west there were trees within ICO yards nearly level with 
the anemometer, while in all other directions there was a very good exposure. 
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PROCEEDINGS AT THE MEETINGS 
OF THE SOCIETY. 



May 16th, 1894. 

Ordinary Meeting, 

BxoHABD Inwards, F.B.A.S., President, in the Chair. 

Lbonabd Bvokblst Williams, M.B., Ch.M., Hillsdon, Sidmonth, was 
balloted for and duly elected a Fellow of the Society. 

The following oommTinications were read : — 

"Thb Belativb Frbqubnot op different Velocitibs of Wind." By 
William Ellis, F.B.S. (p. 287.) 

" Audibility of < Bio Ben ' at West Norwood under certain Metboro- 
LoaiOAL Conditions." By W. Marriott, F.B.Met.Soc. (p. 248.) 

" Earth Temperatures at Cronkbourne, Isle of Man, 1880-1889." By 
A. W. Moore, M.A. (p. 250.) 

** Note on a Dust Whibl or Whirlwind at Addisoombe, April 22nd, 1894." 
By P. BioKNELL, F.B.Met.Soo. 

On Sunday, April 22nd, 1894, between 2.30 and 2.81 p.m., I, and two friends 
walking with me, saw a whirlwind or dust whirl close to Addiscombe Boad 
Station. 

It was calm, or almost calm, when we saw a sudden cloud of dust almost at 
the comer of Canning Boad. The cloud collected opposite the railway station, 
and a thin column of dust ascended from that point to a height of 60 to 100 yards, 
at first perpendicularly, and then turning to the north. The lower part of the 
whirl, rotating with tne sxm, advanced along the Addiscombe Boad for some 
80 yards, then turning the comer of Canning Boad and being lost to sight. 

Any light breeze there was was from about East-south-east, but it was very 
nearly csJm all round, and I particularly noticed that the leaves of the trees 
close to the course of the whirl were quite stiU. 

The ascending dust looked just like yellow smoke rising from a chimney on a 
perfectly calm day, but, of course, it rose much higher. 

Though I never saw such a phenomenon before, I presume it is of frequent 
occurrence. 

Mb. G. J. Stmons, F.B.S., exhibited three lantem slides of Snow Cbtstals. 



Jane 20th, 1894. 

Ordinary Meeting, 
BiCHABD Inwards, F.B.A.S., President, in the Chair. 
The following communications were read : — 

" FoaS REPORTED WITH STRONG WiNDS DURING THE 15 TEABS 1876-90 IN THB 

Pbitish Islbs." By Bobebt H. Scott, F.B.S. (p. 258.) 
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" Some Chabaotbbistio Featxtbes of Gales and STKONa Winds. By B. H. 
GuBTis, F.B.Met.Soo. (p] 262.) 

Mb. B. H. Boott rdcld the following :^ 

^ KotS Om rtrO OCCxmBEKOBS of GlOBXTLAB LiaHTNXNG IN WABirZOSSEXBB " 

I HATB reoeived from my brother, Mr. E. A. Soott, M.A., one of the Masters 
of Bugby, a note stating that at about 11 a.m. on Thursday, April 26th, 1894, 
dtiring a hailstorm, he saw a ball of fire '* about as large as would go into a 
staUe bnoket " touoh a tiree dose to his house at Bngby and explode. The 
lightniBg seethed the bark on both sides, '* oovering the road and one walk with 
outer bark (elm) stripped off." 

Apparently this fii^ ball was not seen until immediately before its explosion. 

Tne other occurrence took place on Sunday, July 2nd, 1898, at Dunohurch, 
near Bugby, and is described m Nature, VoL XL VIII., at p. 841, in a letter from 
Mr. L. Cummings, M.A., another of the Bugby Masters. Mr. Gummings says, 
** 1 was enabled to examine |fbur witnesses, all of whom agree that during an 
interval of two minutes before the explosion a large fiery globe was seen travel- 
ling through the air, and emitting light of such dazzling bnlliancy that the only 
one of them who was out of doors at the time was for a moment blinded and 
dazed, and felt for some short time afterwards a sensation of pain in the back of 
the head and the neck. 

** The path taken by the fireball during the two minutes it was observed could 
hardly have been direct, as the direction taken when first seen makes an obtuse 
angle with the direction indicated by all who saw it immediately before the ex- 
plosion. 

'* The damage done was the fracture of 24 panes of glass in the house, and the 
breaking off, at a height of 17 feet from the ground, of the top of a WeUing- 
tonia some 80 feet high, and distant 28 yards from the nearest comer of the 
house." 

Mb. B. n. SooTT read the subjoined letter firom a correspondent in the 
Philippine Islands on the subject of the dependence on atmospheric conditions 
of the motion of the smoke of volcanoes. 

In the Proceedings of the Royal Society, Vol. XLIII., the Hon. B. Abercromby 
^ves two sketches of the smoke column, (1) in fine weather, and (2) before 
m typhoon, of the " volcano of Abayon in the Island of Albay." This should 
lead the *' volcano of Mayon, near Albay, at the southern end of the Island 
Of Luzon.*' The letter confirms, in the main, Mr. Abercromby's remarks. 

** Deab Sib, — My friend, Mr. F. £. Goney, has written me from England asking 
me to write you direct any information I could supply you with in regard to the 
smoke issuing from the volcano of Mavon. I can sav nothing from personal 
obeervation, but two gentlemen here who Hved at Tobaco, a town situated at 
the base of the mountain, inform me that during fine weather the smoke ascends 
straight. During, or rather before, bad weather, the smoke descends, forming a 
cap all round the summit, not only on one side as the sketch Mr. Goney sent me 
•ugpgests. The distance which the smoke descends varies according to the 
dexuity of the atmosphere. It is not necessary that a typhoon ^ould foUow ; a 
strong blow firom the South will cause this. Neither gentleman can state cer- 
tainly that they have ever seen this " cap " half way down, but certainly quite 
one-third. But they think that before a heavy typhoon, with an abnormally low 
barometer, the mountain may be half covered. 

'* I trust this information will be of use to you. If there is any other informa- 
tion which you may re<}uire which I can obtaia for you, please make use of my 
flervices. — I am, dear Sir, futhfully yours, D. M, FLEXiNa, Manila, 15th May, 
1W4." 
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CORRESPONDENCE AND NOTES. 

Dew and Sea Breeze. — Mr. S. Enott, in a letter to Mr. B. H. Soott, F.B.S., dated 

Mojanga, Madagascar, July 24th, 1894, says : '' When visiting yon over a year ago 
you asked me if heavy dew brought rain, to which I replied in the negative. Tms 
season I have carefully watched the after effects of dew, and find that during the 
present monsoon (S.E.) heavy dew invariablv brings a change of wind in the 
afternoon of the day following, or here a sea breeze firom Norih-west to South- 
west ; and, curiously, the heavier the dew the stronger the sea breeze. And 
further, during this monsoon I find that these heavy dews and sea breezes occur 
at the spring tides, and the monsoon is much lighter during these 12 days ; but 
when the ne&ps take on it increases very much in force, and only varies fii^m due 
South to South-east.'* 

Bainfall at Sevenoake. — Mr. W. W. Wagstaffe, having completed ten years* 
residence at Sevenoaks, has forwarded the ^following results of his rainfall 
observations : — 



KAINFALL AT SEYENOAKS, 1884-08. 
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The greatest fall on one day was 2'63 ins. on June 28th, 1892. 

Mr. Wagstaffe recorded the rainfall twice daily, viz. at 10 a.m. and at sunset, 
with the view of seeing what an " invalid's day and night ** would show in the 
difference of rainfall ; the invalid's day being taken to be from 10 a.m. to sunset 
The percentage of rain which fell in the former period, compared with that 
which fell in the latter period, was as follows : — 

Night 

52 
58 
63 
58 
65 
59 

[The division of the 24 hours into two periods, 10 a.m. to sunset and sunset 
to 10 a.m., may be interesting from the point of view of the valetudinarian, but 
it is otherwise an arbitrary and artificial division, one having no meteorological 
significance, and no relation with any phvsical fact, such as, for instance, would 
have been the case had the limiting times been sunrise and sunset. The varying 
percentages found for different months must largely depend on the difference in 
the length of the adopted day at different seasons, rather than on any real varia- 
tion in the daily distribution of rainfall. So that the conclusions of the author 
have no meaning in a meteorological sense, as between day and night, but only 
as referring to the division of the day adopted. — Ed.] 

Radii to a Rainbow. — Mr. H. C. Russell, F.R.S., of the Sydney Observatory, 
^ew South Wales, has forwarded the accompanying sketch made by Mr. L, 
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Hargrave of two well-defined radii of a rainbow, which he observed at Stanwell 
Park, 20 miles south of Sydney, at 5 p.m. on May 9th, 1894. The radii remained 
visible for 10 minutes. 




Badii of a Bainbow. A. Dust colour. B. White radius. G. Light slate coloured 

radius. D. Dark slate colour. 

Protection firom Lightning. — The U.S. Weather Bureau has issued a pam- 
phlet on this subject by Mr. A. McAdie, which is intended to furnish informa- 
lion of practical value to all classes, and especially to fEurmers, builders, and 
phvsicians. The author gives statistics of deaths, fires, and damage caused by 
Ixghtning, and shows that bams, granaries, and stables are the objects most fre- 
quentlystruck. The risk in the country is about five times greater than in the 
city. With regard to trees, the oak is most frequently, and the beech least ite- 
quently struck. The author mentions various methods recommended for pro- 
tection firom lightning, and describes the Report of the Lightning Rod Conference 
as an excellent one, and that it must stand for years as the embodiment of the 
most widely gathered information and well considered decisions. Mr. McAdie 
points out that there are some very prevalent misapprehensions with regard to 
lightning. For example : that it never strikes twice in the same place ; that 
the most exposed place is always struck ; that a few inches of glMs or a few 
feet of air wul serve as a competent insulator to bar the progress of a flash that 
has forced its way through a thousand feet of air, &c. The author then pro- 
ceeds to give some practical rules for guidance in selecting and maintaining 
lightning conductors, the last of which is as follows : — *' Finally, if you should be 
in the vicinity of a person who has just been struck by lightning, no matter if the 
person struck appears to be dead, go to work at once and try to restore con« 
sciousness. There are many cases on record proving the wisdom of this course : 
and there is reason for believing that lightning often brings about suspended 
animation rather than somatic death. Try to stimulate the respiration and 
circulation. Do not cease in the effort to restore animation in less than one 
hour's time.** 

Bemarkable HaiL— louring a severe hailstorm at Vicksburg on the afternoon 
of Friday, May 11th, a remarkably large hailstone was found to have a solid 
nucleus, consisting of a piece of"^ alabaster from one- half to three-quarters of 
an inch. During the same storm, at Borina, 8 miles east of Vicksburg, a gopher 
turtle, 6 by 8 inches, and entirely encased in ice, fell with the hail. 

An examination of the weather map shows that these hailstorms occurred on 
the south side of a region of cold Northerlv winds, and were but a small por- 
tion of a series of similar storms ; apparently some special local whirls or gusts 
carried heavy objects from the earth's surface up to the cloud region, where 
they were encased by successive layers of snow and ice, until they fell as hail- 
stones. The fact that hailstones, as well as drops of water and flakes of snow, 
often contain nuclei that must have been carried up from the earth's surface, is 
entirely in accord with the general principle that ascending currents precede the 
formation of cloud and rain, and that solid nuclei are needed to initiate the 
ordinaiy precipitation of moiBtxa^.^Monthly Weather Review, May 1894, 
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The Weight of Snow. — Prof. Cleveland Abbe, in the MonMy Weather Revietd 
for April, gives the following notes on the weight of snow : — " In connection with 
the heavy snowfall of April 10th and 14th, in Pennsylvania, N. 41°, W. T?** 40*. 
the amount of snow that fell on the platform scales at that place weighed 
1,640 pounds ; as the platform was 8 by 12 feet, or 96 square feet in area, this 
gives an average weight of about 17 pounds to a square foot, which is equivalent 
to a depth of 3*3 inches of water, and using the ordinary ratio, 10, this gives a 
corresponding depth of 33 inches of snow. 

** Mr. Edward Ferry, of Bel Air, Harford Co., Md., in a letter published in 
the monthly report of the Maryland State Weather Service, states that his 
clerk found that the weight of the snow on the platform scales at that place 
was 1,520 pounds (presumably on the morning of April 12th) ; the scale plat- 
form measured 7 feet 10 inches by 15 feet; this gives an average of 12*93 pounds 
to the square foot, and, if we assume that none of the si^ow melted, and so 
escaped being weighed, this would correspond to a depth of 2*4 inches of water. 
The average depth of snow lying on the ground at the end of the great snow- 
storm of April lOth and 11th, in Northern Maryland, varied from 15 to 30 inches 
in the different localities covered by newspaper reports, but the largest recorded 
by regular observers was 24 inches at Darlington and at Fallston, both ip 
Harford County, at the head of Chesapeake Bay. 

<* Although the above result may be rather crude, yet it suggests an excellent 
method of getting at the average quantity of precipitation in case the snow falls 
without melting and without much drifting. It also ^ves some idea of the 
weight that must be supported by roofs and walls in cases of similar heavy 
snowfalls. 

Clisnafce of Algeria. — Mr. A. 3. White, in a paper on " The Situation in 

Algeria" (ScoUish Oeographical Magazine, April 1894), gives a brief account of 
its climate. The pi^>er is admirably illustrated by maps showing the v^g^ta- 
tioa and surface features; orogra[mical features; mean annual teijaparaiare ; 
and mean annual ratnfalL The climate and veffetation of Algeria a^nroxi- 
mate to those of southern Europe, but are more sub* tropical in cwaoter* "fbe 
average annual rainfall of Aleeria is sometimes taken at 29 ins. The hi^beft 
rainfall (over 31 ins.) is recorded in the Ji\jura momtains, to the east pf Algiera ; 
the lowest, of coarse, in the Desert. The intervening regions receive, roughlyi 
from 28 to 31 ins. on the northern slopes of the Atlas, and ttvpfi 15 to ^ ina. on 
the southern slopes. On the borderland of the Desert there it an annual rain- 
fall of from 7 to 15 ins. Algeria suffers very mueh by the absence of import- 
ant rivers, and the prolonged drought in the summer; but extensive krigiMti^n 
works (costing nearly five millions of francs) have been undertaken to r^oieiiir 
these defects, whilst in the south especially at the base of the ^n^imtaiusi thasa 
are inexhaustible supplies of subterranean waters. Coinciding with the ay#taBia 
of climate, there are well marked and diversified characteristies of 80J4« 
Broadly speaking there are three distinctive regions: the Tell laiyls of the 
Littoral, the High Plateau, and the Saharan or Desert tracts. The vine, oer^a^, 
olives and oranges are cultivated in the Telly cereals and al/a are raiseid :0n the 
High Plateau ; and in the Desert regions date-palms and fruit trees bear fruit 
in the summer, whilst in the winter flodu and herds occupy the att^Uon of tl|e 
inhabitants. 

ObaervationB on Mount Ontake, Japan.— A party of observers set oat in 

July 1891 from the Tokio Observatory to make a series of two-hourly observa- 
tions on the summit and at the base of Mount On take, which is one of the 
highest mountains in Japan, being 10,023 feet above sea level. The obterva* 
tions extended from August 1st to September 12th, a period of 43 days. The 
results are published in the Anmtal Report of the Central Meteorological Obser- 
vatory of Japan for 1801, part IT. The mean atmospheric pressure on the 
summit during this period was 20*94 ins., which is only seven-tenths of that at 
sea level. The slightest labour soon caused fatigue, and breathing was greatly 
accelerated. The mean temperature of the air, though it was the hottest seaaon 
of the year, was only 48°, which corresponds to tlie latter part of Majx^ or tiia 
middle of November in Tokio. Towards the-and of Aogwt walpr^l^p^ .!» . % 
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tank placed outside the cottage, froze to a thickness of aboat 0*24 in. This, 
however, was said to be an onasual occurrence at this season ; the minimum 
temperature on the 27th was 47° even at Kurosawa, the lower station (2,733 feet 
above sea level). As it is so cold on the summit great masses of snow remain 
unmelted in several shaded places even during midsummer. When clear days 
continued for a long time, as was the case in the first part of September, the 
temperature of the air generally rose above 68° by day, and even at night it re-> 
mained above 41°. Anyone who exposed himself on such days to the direct sun- 
shine felt its scorching effect upon the skin to be almost intolerable, owing to 
the great rarefaction of the atmosphere and the emallness of the amount of 
aqueous vapour in it. 

When an area of low barometer passes near the mountain, the summit is en- 
veloped in dense clouds with heavy wind and cold rain, which carry off the heat 
from the human body very quickly. In such cases climbers often lose their 
way, and are sometimes chilled to death. 

During the period in question the temperature of the air during the days of 
storms remained almost stationary at 48° or little above, when the cold was felt 
to be more intense than in the calm dry days with lower temperature. 

Climate of Alaska. — Mr. J. C. Hussell, in a paper on " Alaska : its physical 
geography *' in the Scottish Geograpfueal Magazine for Au^st, says that the 
climate oi Alaska, like its physical features, presents marked contrasts. On 
the south coast the rainfall is excessive, amounting in some observed instances 
to more than 100 inches a year. A series of observations made at Sitka by 
Russian observers for 20 years gave a mean annual precipitation of over 
83 inches. A belt of extreme humidity extends westward along the coast, 
probably increasing in breadth until Alount St. Elias is reached, and then 
diminishing in the vicinity of the Aleutian Islands. In the interior it is much 
drier, as is known from the experience of travellers, and also from a limited 
number of observations. At Camp Davidson, where the Yukon crosses the 
141st meridian, as observed by Mr. M*Grath, of the U.S. Coast and Geodetic 
Survey, the precipitation from September 14, 1889, to June 22, 1891, was but 
19*05 ins. ; for the year 1890 it was 13*55 ins. On the northern coast, in com- 
mon with other portions of the Arctic zone, the annual precipitation is small ; 
at Point Barrow, as observed by the International Polar Expedition in charge of 
Lieutenant Ray, the rainfall for 1882 was a little over 8 inches. 

The aridness of the interior and northern portion of Alaska may thus be 
compared with that of the arid region between the Rocky Mountains and the 
Sierra Nevada. The humid region along the south coast is a continuation of 
the rainy belt of Oregon and Washington. The excessive rainfall on the 
southern coast is accompanied by cool summers and by remarkably mild winters. 
The mean annual temperature at Juneau and Sitka is about 50°. The tempera- 
ture seldom falls below zero ((f). The winters are milder than at Chicago or 
Boston, and are not marked by the extremes experienced in New York or 
Washington. In the interior the summers are warm, and occasionally the tem- 
perature rises to between 90° and 100° in the shade ; but in winter the cold 
IS excessive, and a temperature 40° or 50° below freezing point ia freqaeintly 
experienced for many days in succession. The difference in climate between 
the coast and the interior is, perhaps, most strongly indicated by the character 
of the vegetation. On the east coast of Mount St. Elias the forests are dense, tJie 
trees are Targe, and the undergrowth nearly as impenetrable as in the Tropics. 
In the interior the forests are almost entirely of spruce trees of small growth| 
which are confined to the river valleys, while the hill tops and moon tain sides 
are bare of trees and covered with luxuriant grasses. 

The marked climatic differences between the coast and the interior also find 
expression in the distribution of the glaciers, which are of great extent among 
the mountains on the coast, but are entirely wanting on elevations 4,000 to 
5,000 feet high, situated near and even north of the Arctic circle. 
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RECENT PUBLICATIONS. 

American Meteorological Journal. A Monthly Review of Meteorology. 
July-September 1894. Vol. XI. Nos. 8-5. 8vo. 

The principal articles are: — Changes in the definitions of clouds since 
Howard: by H. H. Clayton (14 pp.) By following the changes in doud 
nomenclature since Howard, the author says that it seems clear that there has 
been a gradual evolution during which difterences and distinctions not recog- 
nised by Howard have been established, and errors due to perspective, as in the 
case of the cumulo-stratus, have been corrected. Thus a distinction between 
high and low cirro-stratus and high and low cirro-cumulus has been established, 
and the lower forms called alto-stratus and alto-cumulus. The stratus has been 
separated into fog and low sheet clouds, and two distinct forms of rain cloud 
recognised. — The newspaper weather maps of the United States : by R. de C. 
Ward (11 pp.).— Psycnrometer studies: by Prof . H. A. Hazen (4 pp.). — ^Pre- 

?ueno)r of amounts of precipitation : by Prof. M. W. Harrin^n (12 pp.). — 
Precipitation and temperature and their effects on crop production in Texas for 
the year 1898 : by Dr. I. M. Cline (9 pp.). — On cloud formation : by Prof. W. von 
Bezold (19 pp. and 2 plates). This is a translation of an address delivered in 
Berlin in November 1893, and published in Bimmel und Erde, VoL VI. No. 5.— 
Summer hot winds on the great plains : by Dr. I. M. Cline (12 pp."). Apparently 
the conditions on which the development of hot, dry winds over tne eastern slooe 
of the Rocky Mountains and eastward depends are the presence of nearly 
stationary or slow moving low pressure areas along the eastern slope and then 
eastward, with a relatively high pressure over the Pacific off the coast of Oregon 
or in that vicinity. In no instances are hot winds noted with a low pressure 
area which moves eastward with any degree of rapidity. — ^The Meteorological 
Services of South America : by A. L. Rotch (5 pp.). This is the first of a 
series of papers in which the author proposes to give an account of the meteo- 
rological services in the South American States based on a personal inspection 
in 1893. In the present paper he deals with Peru, Chili, and the FaUdand 
Islands. In previous numbers Mr. Rotch has given similar notices of several of 
the European Weather Services. 

Annuaire de la SociSU MStiorologique de France. December 1898-Maroh 
1894. 4to. 

The principal articles are : R6sum6 des observations centralis^es par le 
Service hydrom^trioue du bassin de la Seine, pendant TannSe 1892 : par M. 
Babinet (35 pp.). — Note sur Touragan de Maisons-Laffitte, le 21 Septembre 1893 : 
par G. Raymond (8 pp.). — Sur les observations pluviom6triques de M. le Dr. 
aixipay & Versailles rSeine et Oise) : par V. RaiUin (3pp.).— La pluie k Ara- 
gorri : par A. Angot (3 pp.). 

Journal of the Scottish Meteorological Society. Third Series. No. X. 
8vo. 1894. 

Contains:— The monthly and annual Rainfall of Scotland, 1866 to 1890: by 
Dr. Buchan ^22 pp. and 13 platesV Tables and maps are given, showing the 
mean monthly and annual rainfaU at 324 stations for the 25 years. It is 
pointed out that the three prominent causes which determine ^e amount 
of the rainfall are the rise and fall of the temperature with season, the 
prevailing winds, and the physical configuration of the country with reference 
to these winds. — ^The Climate of Braemar: by R. C. Mossman (17 pp.). 
This is a discussion of observations extending over a period of 38 years. 
1856-1898. The station, which is 1,111 feet above sea level, was founded 
in 1855 by H.R.H. the late Prince Consort. — Hygrometric researches at 
the Ben Nevis Observatory : by A. J. Herbertson (8 pp.). These researches 
were undertaken with the view of determining the amount of water vi^ur 
In the air under varying conditions. The gravimetrical metiiod was adopted 



of measnring the quantity of water vapour in the atmosphere by drawing 
a known volume of air through drying tubes, weighed preyiously to and 
after each experiment; and, at the same time, the ordinsjry dry- and wet- 
bdb thermometers were read at regular intervals, and also the general weather 
conditions noted. As regards the tabulation of dew points, vapour pressures, 
and relative humidities at the Ben Mevis Observatory, where the mean annual 
temperature is 3()°'9, it seems certain that, for all temperatures about or below 
the mean, tables based on Regnaulfs formulas give much truer values than those 
based on Glaishsr^s factors. — Comparison of observations at the low level 
Observatory, and at the Public School, Fort William : by R. T. Omond (6 pp.). 

MtUorohguehe ZmUchrift. Bedigirt von Pr. J. Hann and Dr. O. Hellkann. 
June-September 1804. 4to. 

The principal contents are : — Ueber den grossen Staubf all in Schweden and 
angrenzenden Lfindem am 3. Mai 1892 : von A. E. Nordenskidld QL8 pp.). On 
this day a fall of dust occurred over a narrow strip of country extending from Fin- 
land to the mouth of the Elbe. The dust was distinctly granular, and analysis 
showed that its main constituents were :« 

Per cent. 

Silica •■• ••• ••• ••• •• oo 

Alumina ..• ••• ••• ••• 18 

Losi on Combustion (carbonaceous matter) 15 

Baron Nordenskiold cites numerous other dust-falls, and gives analvses of 
dust collected from crevices in steeples and other rarelv visited elevated locali- 
ties. He concludes, as the result of the whole inquiry, tnat the earth is encircled 
by a cloud-rine composed of matter in a great measure silicious. Some of the 
dust-falls are distinctly volcanic, but that under consideration was not so. In 
the case of the Atlantic dust-falls there is a lar^ admixture of local terrestrial 
dust with this cosmical dust, but in higher latitudes the cosmical dust comes 
down unadulterated. The phenomena of the sodiacal light are, according to 
the author, evidently related to the dust-ring. — Ueber die Anwendung der 
Photogrammeter zur Messung von Wolkenhohen : von P. Akerblom (6 pp.). 
This a description of a double camera fitted on a theodolite intended for the 
production ot photographs of the same part of a cloud from the extremities of 
a base-line, with formulas for calculation of the resulting heights and velocities. 
— Die Gewitter und der Wettersturz am 4. September 1^ in den Ostalpen : von 
K. Prohaska (11 pp.V This is an account of the most important development 
of thunderstorms wnich has been noticed in Carinthia since observations of 
such phenomena have been orp^anised there in 1885. Dr. Prohaska argues for 
the existence of a strong inclmation of the axis of a depression which accom- 

{^anied the storms, and gives two isobaric charts for the same hour, one at sea 
evel, the other at the level of 3.000 metres, the latter showing the centre of the 
depression shifted nearly 90 miles to the north. The discussion of the effect 
of this as regards descending movements in front of an advancing depressiouy 
and ascending in its rear, will well repay perusal. — ^Die tS|^he Periode der 
RichtuuK (una Gkschwindigkeit) des Windes auf dem Eiffel-Thurm : von Dr. A. 
Sprung (11 pp.). The author has dealt not only with the direction but also with 
the velocity of the wind for two full years. As regards the latter, the velocity at 
the base has its maximum between noon and 2 p.m. throughout the year, 
but on the top the minimum falls during the day hours, and its time varies through 
five hours, falling at 9 a.m. in summer and at 2 p.m. in winter. As re« 
gards direction there is stronglv marked backing in tne forenoon and veering 
in the afternoon. In winter the changes are not so decided, but falling 
in with the change in the hour of minimum velocity. Dr. Sprung concludes 
the paper by saving that the level of the station was still rather low, but 
that the results give a s^neral support to the theory of vertical changes pro- 
pounded by Espy and Koppen.— Die Resultate der meteorologischen Beobach- 
tongen aaf dem Pio da Midi: von Dr. F» £lengel(20 pp.). This paper has 
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extended over three Dumbers of the Zeitschrift. The author's conclusiMirare t 

1. The climate is about 4° warmer than the Western Alps, and abenf 5° warmer 
than the Eastern Alps at the same level. This is due^ hr fta lower latitude. 

2. The annual range of temperature at the. summit is very great. 3. The chief 
features of the Pyrenean ohmate are the cold spring and the great contrast be- 
tween spring and autumn. 4. April is especially cold, owing to the fact that 
in that month the track of Atlantic depressions comes near. 5. The absolute 
minima appear very abnormal. The mean and absolute maxima are very high. 

6. The non -periodic temperature oscillations are very great at the summit. 

7. The yearly period of pressure is chiefly marked by the depression of April. 

8. The diurnal amplitude of pressure appears very large in comparison with 
Alpine stations. 9. As to rain, a maximum at between 7,500 and 7,900 feet is 
clearly marked. — Prof. C. Marangoni uber den Hagel (10 pp.). This communi- 
cation is a translation by Dr. J. M. Pernter of papers m the Atti delta R, Acad, 
dei Lincei for 1893 and 1894. The author goes back to Volta^s original explana- 
tion of bail formation, and he points out that if we make allowance for 
Volta's ignorance of modem thermal and electrical discoveries, we must admit 
that he stiowed — 1. That the cold was due to evaporation ; 2. That the 
cause of growth of the hailstones is electrical repulsion and attraction ; and 3. 
That electricity is not the primary cause of the hail, but its result and a secondary 
cause. The other papers deal with the shapes of the hailstones, the repulsion 
of the stones in the cloud, and the peculiar noise of hail showers. — Beitrage 
zur Theorie des Ventilations- Pyschrometers : von W. A. Nippoldt (17 pp.). 
This is an elaborate discussion of the principle on which the Hygrometrical 
Tables in general use are based, especially with reference to the recent proposals 
of Dr. Ekholm as regards the formula for hygrometrical reductions below the 
freezing point. The author discusses the works of Chistoni, Pernter, Sworykin 
and others on the same subject, and the paper well merits study from those 
interested in the question. — Die Anticyklonen des Winters 1893-94, nach 
Beobachtun^en auf dem Brockengipfel (1142 m.): von R. Sliring (8 pp.). The 
author remained on the top of the Brocken for some months, in order to ascertain 
the advisability of erecting an observatory there. The paper gives an account 
of his results during the anticyclone of that winter, and he comes to the con- 
clusion that the frequent rises of temperature which are observed are due 
mainly to the descending currents of air, and so probably to a sort of fohn 
action. 

Proceedings of the Eoyal Society. Vol. LVI. No. 886. Svo. 1894. 

On the electrification of air : by Lord Kelvin and M. Maclean (10 pp.). The 
authors describe some experiments which they made to find if a small unchanged 
portion of air could be electrified sufficiently to show its electrification by ordi- 
nary tests, and could keep its electrification for any considerable time ; and to 
test whether or not dust in the air is essential to whatever of electrification 
might be observed in such circumstances, or is much concerned in it. From the 
experiments it is seen that, on the supposition of electric density uniform 
throughout the spherical enclosure, each cubic centimetre of air experfences an 
electrostatic force towards the boundary in simple proportion to distance from 
the centre, and amounting at the boundary to nearly 10 per cent, of the force of 
gravity upon it ; and electric forces of not very dissimilar magnitudes must have 
acted on the air electrified as it actually was in the non-spherical enclosure used 
in the experiments. If natural air or cloud, close to the ground or in the lower 
regions of the earth's atmosphere, is ever, as in all probability it often is, elec- 
trified to as great a degree of electric density as the authors have found it within 
their experimental vat, the natural electrostatic force in the atmosphere, due, as 
it is, no doubt, to positive electricity in very high regions, must exercise an im- 
portant ponderomotive force quite comparable in magnitude with that due to 
difference of temperatures in different positions. It is interesting to remark 
that negatively electrified air over negatively electrified ground, and with non- 
electrified air aoove it in an absolute calm would be in unstable equilibrium ; and 
the negatively electrified air would therefore rise, probably in large masses, through 
the non -electrified air up to the higher regions, where the positive electrification 
is supposed to reside. £ven with.np stronger electrification than that whidL 



the authors have had within their experiioental vat, the moving forces would be 
sufficient to produce instability comparable with that of air warmed by the 
ground and rising through colder air above. During a thunderstorm the efectri- 
noatlon of air, or of air and the watery spherules constituting cloud, need not 
be enormously stronger than that found in the experiments. This is seen by 
considering that if a uniformly electritied globe of a metre diameter produces a 
difference of potential of 88 volts between its surface and centre, a globe of a 
kilometre diameter, electrified to the same electric density, reckoned according 
to the total electrici^ in .any small volume (electricij^ of air and of spherules 
of water, if there are any in it), would produce a difference of potential of 88 
million volts between its surface and centre. In a thunderstorm, flashes of 
lij^htning show us differences of potentials of millions of volts, but not perhaps 
of many times 88 million volts between places of the atmosphere distant from 
one another bv half a kilometre. — On rapid variations of atmospheric tempera- 
ture, especially during Fohn, and the methods of observing them : by J. Y. 
Buchanan, F.R.S. (20 pp.). It has not been before remarked that the true 
Fohn occurs in our own country, and with its characteristics quite as well 
marked as in Switzerland. It is sometimes supposed that a great absolute 
height of mountain chain is required for its production ; but this is not so. A 
relative height of 8,800 to 8,950 feet is quite sufficient for its production ; and 
this is equally available on the west coast of Scotland and on the northern 
slopes of the Alps. The author describes some observations which he made in 
the summer of 1898, which was abnormally warm all over the north of Europe. 
In the beginning of July he observed the Fohn at Fort William, and in the 
latter part of Au&;ust in the Upper Engadin, and more particularly in the valley 
occupied by the Morteratsch glacier. Besides the observation of the varying 
temperature of the air itself, the investigation of the temperature gradient set 
up between the meltins ice surface of the glacier and the hot winds blowing 
over it presented considerable interest. The curious fact was observed that 
while the hot wind was blowing over the glacier and melting the surface in 
abundance, the temperature of the air, as close to the ice as a thermometer could 
be applied without touching the ice, was never lower than 41°'9. 

SUzungsbsrtchte der kaiserlichen Akademie der Wissenscha/ten in Wien. 
Mathem.-natnrw. classe : Band CUI. Abth. II. January 1894. 8vo. 

Contains : Beitrage zum taglichen Gauge der meteorologische Elemente in 
den hoheren Luftschichten : von J. Hann (48 pp.^. This is a discussion of the 
results of two different mountain stations, OntaKe (10,023 feet) in Japan and 
Mont Blanc (15,878 feet), M. Vallot's observations. The observations of pres- 
sure and temperature are discussed with great care, and from almost every point 
of view that is possible, and each result is compared with those given by Dr. 
Hann in his previous communications on similar subjects. The final outcome 
is thus Htatcd : " The results of the pressure observations at the summit of Mont 
Blanc are in complete accordance with those at other summit stations, and also 
on the Eiffel Tower, and thev all indicate that in the upper strata of the free at- 
mosphere the daily range of temperature is much less than what is shown by 
direct temperature observations.*' 

Symon8*8 Monthly Meteorological Magazine, Jnly-September 1894. Vol. 
XXIX. Nos. 842-844. 8vo. 

Contains : The May frost of 1894 (7 pp.)* — ^^^ spots and air temperature 
(1 p.). — The Antwerp Congress (1 p^. — Rainfall and flood at Bristol (2 pp.). 
This occurred on Julv 24th, when 2*53 ins. of rain fell in ten hours and a half. 
— Heavy rain and hailstorms, July 1894 (2 pp.). — Rain of July 1894 in the South* 
east of England (1 p.). The total for the month was considerably more than 
twice the average.— The British Association at Oxford (11 pp.). This gives 
notes of some of the meteorological papers read in the various sections. 

Tramactione of the SotUh African PhUoeop^deal Societff, Vol. V. Part II. 
1886-1889. 8yo. 1898. 

Contains : The winter storms of South Africa^ illustrating the value of Capo 
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Point If a waning station : by A. G. Howard (16 pp. and plate). Cape Point 
ia a p^k standing op abont 816 ft«t abore sea lerel, and in the antbo/s opinion 
offers itself as an inoicator of coming storms to those who wiU take the tronUe 
to inrestigate what its warnings portend. — ^The Stoma of SonUi Africa: by 
A. 6. Howard (12 pp.). — ^Tbe barometer: its rednetion to sea^lerel: br 
A. 6. Howard (7 pp.\---On some photomphs of li^tninf^ flashea : bj C K. 
Woods (6 pp.). — Sea-ierels in Bootn Africa from baronetne obeerradons: by 
F. Gnthrie (8 pp.). — ^The relation of the sand done fiirmatioB on the Soath- 
West Coast of Africa to the local wind changes: bj H. C. Wlfaner (4 pp.). 
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